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FOREWORD 


Thjs volume on Suman Vahna is the 
ejghti ftympositon in the field o£ puthc 
health published by the American AsMicia 
t»n for the Ad% ancctaent of Science The 
program for this symposium rras organued 
by a joint committee f-om the Section on 
hledical Sciences of tie Association the 
American Society of Parasitologists the 
American Society of Tropical Sledicine and 
tie National MeJaria Committee The or 
ganmng committee invited tie cootnio 
tiosa and made editorial rensioos of tie 
papers after tb«y 'were presented at tit 
Philadelphia meeting of the Association 
Dee 30 1940-Jao 1 1941 Aa the volome 
note appears it presents a aystematie com 
prehensive authoritative and thoroughly 
documented discussion of the problems of 
human maiana m North America and tie 
Caribbean region 

Although malaria has been inom from 
antiquity and is behened to iaie had im 
portsnt effects on history its cause and the 
mode of its transmission temavacd quite 
unknoTO until about fifty years ago The 
discovery of the causative parasites m the 
blood of persons auffenng from the disease 
was followed in a few vears by proofs that 
the organisms Ine a part of their life cycle 
in Anopheles mosquitoes which transmit 
them to human beings Immediately after 
these discoveries several great fields were 
opened for investigation — that of the da 
Inbution ecology and habits of many spe 
cies and subspecies of anopheline mos 
quitoes that of th? morphology life tyde 
and physiology of several species of plas- 
modia that of the nature and effects of 
natural and synthetic drugs in curing or 
preventiog the disease that of detemmng 
the seriousness of malaria as a public 
henlth social and economic problem and 
that of devising scienlifie locall} coopera 


tise governmental eqcinomieally feasible 
and otherwise •woihable methods of control 
hog the disease These and related subjects 
arc treated la this volume 

It should not be assumed that the answers 
to ail tie questions considered in tits book 
are known If they were it might be less 
valuable than it is It comes after an 
enormous amount of work on maiana has 
been done and when tic avenues to future 
progress m ita atudj appear to be pretty 
well understood One of its purposes m to 
point out these premising avenues ns well 
as to present tbe coDclnsions that are well 
astablisied It points oot too many al 
most uoerplored fields such as th« produc 
tion of «ulture media in which to grow and 
Btudy tbe parasites the development of 
vacemes and the synthesis of prophylactic 
drugs 

liis volume IS especially timely because 
of tie new naval bases being constracted in 
lower latitudes fay the United States Qor 
eromeut and of tie numerous military and 
aviation training camps being established 
in Uia southern states where melsria is 
prevaleDt Tbe Association and the co- 
operating societies sincerely thank the par 
ti(ii»nts m this symposium for their con 
tnbutioa to it and to national defense 
Tbt phrase national defense in this 
stateeneot docs not apply only to present 
itttwaational problems but to the contmvi 
uig problem of defense against one of the 
most serious of the diseases that afihet man 
kind The Association is espeeialK grate 
fui to the organizing committee (Tbe Pub 
lieation Committee) whose names appear 
on the title page for without their guidance 
and indiMdusl papers it could not have 
made aTailafale this contribution to the 
adsoneement of science 


F R. Modi-tov 
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HISTORICAL INTRODUCTION TO THE 
SYMPOSIUM ON MALARIA 

By MARK F BOVD 

ISTCKKiTIONil, aULTB tmgJOM JtOCKCTCUXS roOKUATIOV TALUHABSEC TLOKBA 

DEFlsmoN of tb« last expressions of tie old -vie-wpomt 


In current usage of the past century tiie 
word malana has come to designate any 
member of a group of chronic infections 
of ^e^tebtates produced by several species 
of protOMnn parasites belonging to the 
family Plasmodidae Parasites of thw 
family are known from a wide variety of 
hosts ineluding various epecies of lizards 
birds and mammaU Not to any species 
included m the last group of hosts are 
these infections more imponaot than to the 
human m which they ere the cause of 
widespread taorbidity and mortality The 
human infections are attributable to three 
or more species of these parasites which 
for precision should be distinguished by the 
name of the causative parasite as faUt 
parumnaland mas niciina and moZarioe 
trialanu although for euphony it is destr 
able to substitute quartan malaria for the 
last term 

Dsiuvaiiov 

During most of tbe past century these 
diseases were generically knosra as malarial 
fevers the term malaria (Italian mol 
am a bad air) aa well as miasma being 
used to designate the supposed exciting 
agent of these as well as other diseases 

In this sense the former «ord was intro 
ifuced into English medical literature by 
llaccuUoch (1820) who stales It has long 
been familiar to physicians that there uaa 
produced by wet lands or bj marshes and 
swamps a poisonous and aenform sub- 
stance the cause not only of ordinary 
fevers but of intermittent and to this nn 
knowa agent of disease the term marsh 
Biiiuiins has been applied This a tbe 
unseen and still unknown poison lo trhicb 
Italy applies tbe term that 1 hav e borrowed 
Malaria Perhaps the b«l as well as one 


is afforded by the following quotation from 
Stemberg (1884) The vatioua types of 
intermittent and remittent fever which are 
cured by qaimue are by common consent 
recognized as due to malarial poisoning 
and we must insist that the preva 
lence of periodic fever be taken as the test 
of tbe presence of malaria 

Stnontmt 

Tbe antiquity of the association of the 
humsQ race with malaria has brought this 
diseose under the observation of countless 
generations of physicians mas} of whom 
left a record of their astute obsenations in 
a rich literature UafortUQBtely etudenta 
of modern medicine are but slightly if at 
all conversant with tbe older wnten par 
tiGularly those precedmg Laveran and 
thus fad to appreciate tbe substantial char 
acter of tbe contributions which have come 
down to U3 from the past. la extenuation 
It must be admitted that with the introduc 
tion of modem scientific methods to the 
study of biobgj the theory of medicine 
became rev olutiomzed These changes find 
their expression m medical temunologv so 
that it IS often diSScult for the physician 
with modern trainii^ to grasp fully tbe 
signi&ance of tbe older writings A brief 
consideration of nosological synonymy may 
therefore be useful 

The different kinds of malarial infection 
designated according to the modem etio* 
logical classification previously given are 
more or les.s closely represented by the fol 
lowing equivalents m the older literature 

tiioz malaria Tertian fever benign 
tertian fever simple intermittent fever 
paroxysmal fever tertian ague chills and 
fever fever end ague 

1 



Quar(an rnalana Quartaa fever, (Quartan 
ague, Simple mtemittent fever, paroxysmal 
fever chills and fever 

Falctparum malarm Tertian fever, es 
tivo-autumnal malaria malignant te^an 
fever remittent fever (including bilions 
congestive and malignant types) con 
tinned malarial fever pernicious fever 
congestive intermittent fever, pernicious 
intermittent fever congestive fever con 
gestive chills 

The diagnosis of remittent fever baa been 
applied to many a case of typhoid while 
yellow feter has masqueraded as bilious 
remittent fever 

The regularity of the recurring quartan 
tertian and quotidian paroxysms descnbed 
m the Hippocratic writmga (Jones 1923) 
are sufficiently pathognomonic to warrant 
the identification of quartan malaria hut 
less clearly distinguish vivax from falci 
parum malaria The identity of falci 
parum malaria did cot clearly emerge 
from the background of other continued 
fevers until the use of cinchona became 
general The tertian similarity of the 
paroxysms of the last two diseases makes 
their distinction on clinical grounds alone 
difficult as 18 illustrated by the following 
fragmentarj’ descriptive quotations from 
Jackson (1791 ) The type was frequently 
double tertian or quotidian , the remtsstoos 
were indistinct the bihous voaiitings and 
purgings were often excessive, and marks 
of malignancy appeared rn several m 
stances the remissions were generally 
obscure but the type changed fre 
quently from double to single tertian at 
the same time the intemissians became 
clear and distinct These words are evi 
dentjy descriptive of falciparum malaria 

James (1929) haa pointed out that the 
word ague now a widespread vsord for 
malaria particularly among the laity was 
not always used in such a limited sense 
Derived from fein$ acufa, it was origi 
nally applied to any acute and most com 
monly to a continued fever Its eignifi 
cance must therefore be interpreted with 
caution 

In addition to the foregoing the follow 


mg broader terms viz , marsh fever, swamp 
fever, paludal fever and paludism, may be 
taken as generic references to malaria 
Hemorrhagic malarial fever bilious fev er, 
melanunc malarial fever, or blackwater 
fever is a condition of obscure origin, al 
though generally regarded as a mamfesta 
tion of malaria infection According to 
Stephens (1937), the relative frequency 
with which it IS associated with infections 
produced by different species of parasites 
IS proportional to the general local distri 
butioQ of these species 

ItfrEJtiamAn Reitkences 
Id. addition to the foregoing terms there 
are many allusions m the literature of 
sigmficaoee m connection with our Bub;ect 
Principal among these is the stigma or 
repute of long continued insalabnty at- 
tributed to many places Although it la 
probable that in rural regions the presence 
of malaria alone may be safely inferred 
from such references it is bk^v that m 
many urban centers the blame was also 
shared with jellow fever Similarly the 
presence of malaria and yellow fever is 
also laferable from references to acclizsa 
tion fever ‘ acchmetiaatioa" among and 
the ‘ seasoning” of, immigrants The aig 
niQcance of those expressions is well 
brought out by the following quotation 
from Kalm (1770) speaking of ‘fever and 
ague ID the southern part of New Jersey 
‘Strangera who arrive here are commonly 
attacked by this sickness the first or second 
year after their arrival and it acta more 
Violently upon them than upon the natives 
60 that they sometimes die of it. Bat if 
they escape the first tune they have the 
advantage of not being visited again the 
Dext year or perhaps ever It is com 
monly said here that strangers get the 
fever to accustom them to the climate ' 

Or by a statement from Gumming (1810) 

All newcomers are subject to what is 
called a seasoniog after which though they 
may be annually attacked by this scourge 
of Uie climate it rarely confines them 
longer than a few days ’ 



BjaTOBlCili IWTBOOtrCnOM TO MAIJ^aA 


AkTIQUITT op SlAUkRU. lNFEC!TIOVa 
Those who desire to pursoe tha fascma 
ting subject may find an introduction in 
Hifseh (1883) m the opening chapter of 
Ross (1910} in Jones (1909) ta Dock 
(1931) and in Hoops (l^) 

Proobess in Basic ’^ctentitio KNomiMK 
Perhsps the earliest verification in the 
Hnited States of Laveran s discovery of 
the malarial parasite was effected by 
Sleraberg (1896) who recently returned 
from studies wader MBrchiBfa\a and Celh 
demonstrated the parasites to Dr "Vi’m H 
Welch in the latter s laboratory la the 
blood of ao activo clinical case It was 
several years before effective ataioing tech 
cjqnes were introduced and in those early 
years on the infrequent occesions when 
Kncroscupwal diagnosis was practiced it 
was commonly dose with fresh blood At 
teotios was naturallj more directed to the 
large parasites and the type of preparalwft 
employed facilitated exfiagellatioa of the 
microgametooytes The nature of the proc 
ess was not understood until HaeCallum 
(1697) saw a free flagellum enter a quiet 
spherical form and recogmued the sigmfi 
cance of the act Among other early ob- 
aertera of the parasites Opie Dock and 
Thayer should be meationed. 

Long before it became poMihle to differen 
tiate surely between yellow feier and falei 
panim malaria (bilious remittent fever) a 
number o! physicians in the Americas had 
come to suspect that mosquitoes were w 
voWed m the tranamission of bath diseases 
Perhaps the first to advance such an id^a 
was Ivott (1848) who was followed by 
Beauperthay (1854) The most practical 
development of this idea was effected by 
King (3883) who advanced the loBowing 
propositions 

(i) The malaria sf-ason corresponds to 
the season of mosquito abundance (2) 
maUrml country is suitable for mosquito 
brcediBg (3) similar conditions afford 
protection egauast malaria end against 
mosquitoes (4) eiposure to mghi air 
means eiposure totaosquitoes, (5) soldiers. 


iramps and fishermen are particularly sus 
eeptibie to malaria and ace especially ex 
posed to mosquitoes at night (6) turning 
Dp Ute soil or making excavations m pre 
TiOQsly healthy districts u often followed 
by miliaria (7) coincidence of malaria 
and mosquitoes, increase of both in late 
summer and autumn 

It IS lil^ly that the demonstration of the 
tick trassmission of Texas fever of cattle 
by Smith and Kilbome m 1893 may have 
influenced Hlanson in br$ inference that 
malariaf gametocytes adueva Uieir destiny 
m mosq-Qiloea The first attempt to verify 
the work of Ross and of Gr»si with Amer 
lean anophelines was reported by Thayer 
(1900) who infected A quadnmaculatiu 
with P xtiax and P fahtparum and in 
thefoUovnngycsrTValdert (1901) infected 
this species with the latter parasite How 
ever th^se Amencan students discootinued 
their observations as soon as cysts were 
detected qn the stomach walls The resnlU 
reported by some subsequent observers were 
erroneoua or mcooclusive (Beyer tt el 
1902a) and not until the work of King 
(1916b) was the sosceptibfiity of the three 
commonest North American aaopbeliaes 
adequately studied 

Probably the earliest work iscruninating 
any Neotropical species was carried out by 
Darling (3910) as a result of which the 
UDportonce of A aliimaiitu m malaria 
trsQsmisaioa in the Caribbean region was 
ascertained These studies led to the de- 
velopment of a program in the Canal Zone 
which concentrated the attack on malans 
to this species of anophelme 

Pnor to 1900 the anopfaehnes as weE as 
mosqniCots lo general bad received only 
cursory attealion from Am ncan ento- 
mologiata, and it is noteworthy that of the 
5 apecses described from North America 
and the Caribbean up to that year only two 
had bean described by on American stu 
dent Those known at that time were 


JB.l 

it Say 18 J {18J9) 

qudnmoeiifalu So/ 18 4 
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UAUl&IA 


Following the incrimination of mosqmtoea 
m the transmission of yellow fever and 
malaria, a keen demand arose for informa 
tion relating to the life history of mos 
quitoes and of measures for their control 
In part this was supplied by L 0 Howard 
(1900) through the publication of Boll 25 
N S , of the Division of Dntoaology, which 
marked the beginning of an extensive lit 
erature reporting the results of widespread 
research 

From these studies it has been found 
that the various anophelme species have 
a very diverse ecology, especially exhibit 
mg striking differences m the water collec 
tions favorable for hreedmg and as a con 
sequence many of the paradoxical differ 
enccs m the epidemiological picture of 
malarial incidence in different parts of the 
world have been explained These studies 
emphaswe the fact that effective anti 
anophelme work requires an extensive 
knowledge of the bionomics of local vectors 
and that control measures must be adapted 
to the character of the local problem arts' 
mg from these peculiarities 

Progress in Treatiient and Prevention 

The tremendous importance of the d« 
closure to European medieme that the hark 
of a Peruvian tree could cure mtermitlent 
fevers should be stressed (Dock 1911) 
Attention may be called to the studv by 
Paz Sold&n (1938) which indicates that 
the account of this event by hlarkbam 
(1880) 18 historically inaccurate Paz 
Sold&n presents a document which was the 
official day by-day account of the admmis 
tration of Don Fernando de Cabrera y 
Bovadilla the Count of Chinchdo, as vice 
rov from 1629 to 1639 during the greater 
portion of which period be suffered from 
repeated attacks of recurring fevers 
Nothing in the chronicle indicates that 
his wife the countess Dona Francises de 
Rivera ever suffered from malaria al 
though it appears that by the year 16^9 
the Mceroy bad regained good health 
TantaliziDgJy the narrative does not dis 
close whether be bad been given the pow 
ders of Loxa bark whieh according to the 


tradition bad been sent m 1638 to Don 
Juan de Vega his physician in Lima by 
Don Juan Lopez de Camnzares It la 
alleged that previously, as early as 1630 
Don Juan Lopez himself had been cured 
of an mtemuttent fever by the use of the 
bark 

The extent to which the bark came mto 
general use as a febrifuge m the Americas 
dunng the next century and a half is 
obscure The buccaneer surgeon, Lionel 
Wafer (1699), appears to have become 
familiar with the Peruvian or Jesuits^ 
bark in his cruise down the west coast of 
South America m 1680-81, as be speaks 
of observing it brought mto Arica Peru, 
on mule back for export He statee m 
the account of his adventures that ‘‘We 
brought away with us several bundles of 
this bark, and I found it to be the right 
sort by the frequent use I made of it m 
Vii^mia and elsewhere ” He waa in Vir 
gmia m 1682'^3 and again m 1688-90 
Peter Ealm (1770) the celebrated Swedish 
botanist traveled extensively m the xnid 
die Atlantic colonies m 1748-50 and men 
tions the use of Jesuits’ bark in the treat 
ment of ague He states that this waa 
formerly a certain remedy but that at the 
tune of bis visit it was not always effec 
tive though genuine and selected Pur 
tber on he says that the bark can seldom 
be secured unadulterated and describes 
the manner in which it was effectively 
used According to Humboldt (1852), at 
the end of the 18th century the people of 
Amenra (South) had a most mveterate 
prejudice against the employment of the 
different kinds of cinchona According to 
Juan and Ullua (1806) the aversion to 
the use of the bark in Guayaquil was due 
to the notion that on account of its hot 
quality it could have no good effect in that 
climate As early as 1776 the Continental 
Congress ordered the medical committee to 
forward 300 pounds of Peruvian bark to 
the southern department for the US'* of the 
troops (Blanton 1931) Jackson (1791), a 
British army surgeon attached to one of 
the regiments of Lord Cornwallis army 
made extensive use of Peruvian bark in 
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treatiHg the abuofiant jntermittent fevers 
from which the British army suffered in 
its southern campaign At any rate its 
use m the United States appears to hftTC 
become -widespread subsequent to the revo 
lution 

Quinine was prepared commercially m 
Philadelphia as early as 1823 three jeara 
after its isolation (Hogstad 1931) The 
earliest report of its einplo3Tneiit in the 
United States that has come to our atten 
tion IS by Henry Perrme (1826) a phy 
sieian of Nateher Miss He emplojed from 
6 to 12 grama every 2 to 3 hours at any 
period of the feser continued until its 
symptoms in pulse end skin were subdited 
repeating if the return of the fever was 
angpested Editonal comment in 1850 
{FeBHer 16S0) credits Perruse and other 
Katehes physicians with the use of qumtoe 
as early as 1823 McGown (1849) states 
that Dr Thomas Feara of HantanUe AU 
employed qumme during the epidemic of 
fatal fevers which prevailed at that place 
daring 1824 and 162o and gives him the 
credit aa the first to use large dosea of this 
alkaloid Although the use of the alkaloid 
for the treatment of interonttents appears 
to have become quite general during the 
next two decades some physicians were 
reluctant to employ it m remittent levers 
However by this time daily doses of from 
15 to 30 grams given during the remission 
m the former were regarded as a desirable 
practice 

Quinine soon became an ingredient of 
propnetaiy fever remedies one of the earl 
lest of which Dr Sappington a Anti 
Fever Pills was extensively Ki\d tfarw^h 
out the Mississippi \ alley and the South 
west during the 30 a and 40 a (Terry 
1931) 

According to Terry Dr Sappington as 
early as 1844 advised the prophylactic 
use of quinine This possibility however 
did not appear to attract much attention 
until the decade immediately before the 
Civil -tVar MemW (1861) claims that 
while surgeon to a mining company w 
Panama in 1850 he obliged aU employeea 
to lake a daily dose of B grains before 


breakfast The crews of the vessels oper 
ated by the Panama Railway Company 
were reqaired in 1853 to take quimne while 
in the pert of Aspinwall (^on- 1861) 
De Sausmre (1860) reported its successful 
employment as a prophylaxis among the 
negro slaves engaged in the constructioa 
of the Charleston and Savannah Railway 
It wes extensively although not systemati 
caUy employed for this purpose daring 
the Civil War 

htasa treatment of infected persons as a 
public health measure was attempted in a 
large area m the Mississippi delta by Bass 
from 191 g to 1918 From the experience 
gamed m 1916-17 a regimen of quinine 
administration was developed which be 
came widely knows as the Standard 
Treatment This was gratuitously dis- 
tributed to infected persons m the study 
area in ISIS when 40 per cent of the popu 
latioD experienced malarial attacks In the 
following year only 4 per cent of the popu 
lation had attacks However when the 
people were subsequently urged to pur 
chase the treatment the eonsumptioo of 
quinine was disappointing which probably 
explains why the program never gamed 
ground (Bass 1920} 

The XiXth century witnessed many ex 
amples of the deliberate application of 
drainage for the prevention of mtennittent 
and remittent fevers TTe have no means 
of appraising the volume of such work but 
eufficient accounts are preserved in the lit 
erature to indicate that it was considerable 
One of the earliest significant instances is 
afforded by the action of the city of Savan 
nab Ga. with relation to rice culture In 
1817 at A town meeting the city appropn 
ated $70 000 to purchase the right of cul 
tivation of rice in wet culture of such of 
the tidaC swamps as were adjacent to the 
city The policy was sastamed at a refer 
endum m 1821 A marked reduction in 
deaths from autumnal diseases imme 
diately resulted (DanieU 1826) The in 
terest m the subject of defective drainage 
as a cause of excessive mortality is shown 
by the nystematic medical survey of the 
state of biew York reported m 1632 (Anon 
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1832) as well as a second survey of the 
same state later conducted by J M Smith 
(1860) Dr Garrisb (1879) relates that a 
sjstem of drainage was installed to im 
prove the healthfulness of the unnamed 
town of hjs residence, on one of the tnbu 
taries of the White Ri\er in Indiana which 
resulted m the diminution of ague to m 
significant incidence Continued interest 
m the subject is shown by a symposium 
on drainage and public health that was 
held at one of the meetings of the Amer 
lean Medical Association which lai^ely fills 
the volume of transactions for 1874 To 
this Kedzte (1874) contributes a statement 
that in 1857 the State of Michigan adopted 
legislation to encourage the drainage of 
swamps marshes and lowlands and esti 
mated that m the 20 years preceding his 
report no less than 20 000 miles of ditches 
had been dug The motive of course was 
agricultural reclamation jet a profound 
effect on health was noted. He stated that 
as drainage became more perfect a diminu 
tion of malarial diseases was observed and 
that the fevers did not yield as readily to 
antipaludie remedies there being observed 
an increase of the continued fevers and a 
diminution of the intermittents 

With the discovery of the transmission 
of the parasite by anophelme mosquitoes 
drainage as a means of preventing malaria 
was removed from the field of empirical 
sanitary procedures and developed a sig 
nificance of its own te a means for the 
elimination of anophelme breeding places 
In conjunction there also developed as a 
natural corollary practices to prevent 
anophelme breeding The earliest applica 
tion of drainage for malarial control with 
this orientation was effected during the 
American occupation of Cuba subsequent 
to 1900 This early demonstration of the 
practical value of the discovery of Ross 
was directed by Col W C Gorgas assisted 
by J A LePrince (LePnnee and Oren 
stem 1916) providing an apprenticeship 
for their later effective control of yellow 
fever and malaria in the Canal Zone (Gor 
gas 1910 1915) 

The immediate effect of this discovery 


and of the later demonstrations m Havana 
and Panama was practically nil on the con 
tmental United States Perhaps the most 
distinctive project of an antimalarial char 
acter was the program executed on Staten 
Island between 1901 and 1910 by A H 
Doty (Howard et al 1912b), health officer 
of tte port of New York In addition a 
small amount of isolated work was exe 
cuted m widely scattered localities by local 
mitiative, which was doubtless productive 
of much good , but even at this early date 
these steps tended to exhibit the character 
istic of a general attack on all mosquitoes 
a trend which contmued until compara 
lively recent years and has undoubtedly 
retarded the control of malaria 
Finallj, however, the Panama demon 
strations commenced to bear fruit m the 
United States and E H von Ezdorf and 
H R Carter of the Public Health Service 
the latter a close associate of Gorges in 
itiated field studies of malaria m the south 
m 1912 and 1913 These early studies re 
suited m practical demonstrstious of anti 
malarial measures at Roanoke Rapids N 0 
and Electric Mills Miss (von Ezdorf 
1916) which really initiated serious ma 
larial control worl m the South 
A decided impetus was given to interest 
m malarial control by the program exe 
cuted in extra cantonment zones during 
1917 and 1918 while the United States was 
engaged in the first World War This 
program executed by the Public Health 
Service extended to 43 areas m 15 states 
over a total area of about 1 200 square 
miles Apart from its immediate objective 
tbe work had a significant demonstration 
value and also resulted m the technical 
training of a large personnel several of 
whom are still at work in this field 
As previously intimated many commu 
nities have simultaneously prosecuted a 
pn^ram devised for the control of both 
jellow fever and malaria or of one or the 
other coupled with measures directed 
against one or more of the noxious species 
of local mosquitoes Considering the dif 
ferencejj in the breeding places chosen by 
different species of mosquitoes projects 
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With such a scope are exceedingly costly 
"While not decrying such erbenswe pro- 
grams where they can be afforded their 
example nevertheless has doubtless re 
tarded the extension of simpler programs 
with a definite sanitary objective Atten 
tion to the role of different species of 
anopbelines in malarial transmission has 
shown that great economies can he effected 
hy hmiting a project to the actual trans- 
mitting species a practice known as spe 
Gies sanitation ’ exemplified by the success 
ful results in the Canal Zone which were 
obtained by directing efforts to the control 
of A albtmanui 

Under practicable circumstances the 
routine distribution of substances toxic 
for fflosqaito larvae is of great value in the 
control of mosquitoes Prior to the recog 
nation of their disease con\ eying powers 
mosquitoes attracted so little attention 
from scientists and the laity that a contn 
bution which appeared in the Amencan 
Dadtf Adveriuer of Philadelphia on Au 
gust 29 1793 when an epidemic of yellow 
fever was raging in that city is remark 
able The anonymous contributor u^ed 
the householders to pour a gill of oil on the 
water m ram barrels and to add more to 
cisterns in order to kill the mosquitoes 
therein (Middleton 1928) It is eertam 
that any oil which may have been used at 
that date was not petroleum, but more 
likely whale oil Jn 1892 Howard was one 
of the earhest to employ a petroleum oil 
(kerosene) for the destruction of mosquito 
larvae (Howard 1900) and for many years 
thereafter various petroleum denvatives 
were the most commonly employed lam 
cides Since stomach poisons are so widely 
used in the control of insect pests it is 
rather remarkable that their adaptation to 


mosqnito control came at a comparatively 
late date The possibihties of the best 
known insecticide of this type Pans green, 
were ascertained by Barber and Hajme m 
1921 subsequent to which its use as a lam 
cide has become widespread 

The application of metallic wire cloth to 
doors and windows of dwellings in order to 
exelnde mosquitoes and other noxious in 
sects is a practice that has had its widest 
development m the TJmted States Just 
when It was first introduced is uncertain 
although some was manufactured as early 
as 1865 The amount cow annually manu 
factored for domestic consumption and ex 
port IS enormous in 2927 exceeding 500 
million square feet 

The Need tor iNTENStPicAnoK or 
Bessarox ok IIalasu 
In another connection the writer (1939) 
has hnefiv reviewed certain aspects of the 
present status of the malarial problem. 
"While recognizing that present available 
knowledge is not being applied m some 
areas with adequate resources for the con 
trol of malaria nevertheless there are 
many regions in the world where anv at 
tempt to control this disease based on the 
application of available measures is beyond 
local resources Malaria will likely con 
tinue to be endemic m such regions until 
cheaper control methods are devised The 
hope of cheaper methods depends upon 
the acquirement of new viewpoints to the 
problem the attainment of which neeessi 
tales an extension of opr knowledge Prob 
ably no better guide to the needs and op 
portumties for research m the field of 
malaria can be secured than through an 
inventory of existing knowledge which this 
symposium is designed to supply 



1832) as well as a second snrvey of the 
same state later conducted by J M Smith 
(1860) Dr Garrish (1879) relates that a 
sjstem of drainage was installed to im 
prove the healthfulness of the unnamed 
town of his residence on one of the tnbn 
taries of the White River in Indiana which 
resulted m the diminution of ague to in 
significant incidence Continued interest 
in the subject is shown by a symposinm 
on drainage and public health that was 
held at one of the meetings of the Amer 
lean Sfedical Association which largely fills 
the volume of transactions for 1874 To 
this Kedzie (1874) contributes a statement 
that m 1857 the State of Michigan adopted 
legislation to encourage the drainage of 
swamps marshes and lowlands and esti 
mated that m the 20 years preceding his 
report no less than 20 000 miles of ditches 
had been dng Tie motive of course was 
agricultural reclamation yet a profound 
effect on health was noted Be stated that 
as drainage became more perfect a diminu 
tion of malarial diseases was observed and 
that the fevers did not jield as readily to 
antipaludic remedies there being observed 
an increase of the continued fevers and a 
dimmution of the intermittents 

With the discover} of the transmission 
of the parasite by anopheline mosquitoes 
drainage as a means of preventing malaria 
was removed from the field of empirical 
sanitary procedures and developed a sig 
nificance of its own v e , a means for the 
ehmination of anopheline breeding places 
In conjunction there also developed as a 
natural corollary practices to prevent 
anopheline breeding The earliest applica 
tion of drainage for malarial control with 
this orientation was effected during the 
American occupation of Cuba subsequent 
to 1900 This earlj demonstration of the 
practical value of the discovery of Ross 
was directed by Col W C Gorgas assisted 
bv J A LePnnee (LePrmce and Oren 
stem 1916) providing an apprenticeship 
for their later effective control of yellow 
fever and malaria in the Canal Zone (Gor 
gas 1910 1915) 

The immediate effect of this, discovery 


and of the later demonstrations m Havana 
and Panama was practically ml on the con 
tinental United States Perhaps the most 
distinctive project of an antimalanal char 
aeter was the program executed on Staten 
Island between 1901 and 1910 by A H 
Doty (Howard et at 1912b) health officer 
of the port of New Tork In addition a 
small amount of isolated work was eie 
CDtcd in widely scattered localities by local 
initiative which was doubtless productive 
of much good , but even at this early date 
these steps tended to exhibit the character 
istic of a general attack on all mosquitoes, 
a trend which contmued until compara 
tivel} recent years and has undoubtedly 
retarded the control of malaria 
Pinallj, however the Panama demon 
strationa commenced to bear frmt in the 
United States, and R H von Ezdorf and 
H R Carter of the PubJm Health Service 
the latter a close associate of Gorgas m 
itiated field studies of malaria m the south 
in 1912 and 2913 These early studies re 
suited in practical demonstrations of anti 
malarial measures at Roanoke Rapids N G 
and Electric Mills Miss (von Ezdorf 
1916), which real)} initiated serious ma 
lanal control work m the South 
A decided impetus was given to interest 
in malarial control by the program eze 
cuted in extra cantonment zones during 
1917 and 1918 while the United States was 
engaged in the first World War This 
program executed bv the Public Health 
Service extended to 43 areas in 15 states 
over a total area of about 1200 square 
miles Apart from Its immediate objective 
the work had a significant demonstration 
value and also resulted in the technical 
training of a large personnel several of 
whom are still at work in this field 
As previously intimated many eommu 
nities have simultaneously prosecuted a 
program devised for the control of both 
yellow fever and malaria or of one or the 
other coupled with measures directed 
against one or more of the noxious species 
of local mosquitoes Considering the dif 
ferenccs in the breeding, places chosen by 
different species of mosquitoes projects 
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Tnllj the terljan or qBsrtan parasite Jn 
areas where the tertian parasite alone is 
indigenous, aecurate mortality records con 
sutute a tc^Uvely faithful picture of this 
infection. 

Attempts to compare the number of re- 
corded cases of malaria m a gipen 
graphical or political suhdicision of a 
country with the number of malaria deaths 
have been consistently disappomting Dur 
mg the period 1917-1919 American white 
troops stationed in camps in inalanoas 
areas in the Southern United Stales bad a 
ratio of one malaria death to 415 cases 
(Ireland 19^1 This furnished a satisfao 
tory check on the minimum of expected 
monabty since all suspected eases were 
hospitalued and were checked bv adequate 
blo^ film examination. Bv contrast the 
ratio of malaria deaths to cases reported to 
boards of health in certain southern states 
in 1934 ranged from 1 27 to 1 1038 
(Faust and Diboll 193o) hloreoier al 
ihough the ratio of reported death rates and 
case rates for malaria in the State of 
Georgia for th* j ear 1939 was as high as 
1 336 in one county m three counties it 
was only 1 2 in one, 2 3m five I 1 and 
in one county two deaths were listed with 
but a single illness recorded (Abercrombie 
1940) Since tbe maximum expected ratio 
in Tropical America is approiimately 
1 100 under conditions of high endemicity 
it is clear that only a fraction of malaria 
cases in many states is reported to the 
bureaus of vital statistics 

In any malarious area the economically 
lower strata of the population constitute 
the majority of the infected population due 
to greater exposure and reduced resistance 
to mfection and finducial inahilitj to pay 
for adequate treatment Life insurance 
companies confining their business m the 
South to persons able to pay for standard 
policies have had no evidence of actuarial 
loss as a result of malaria (Paust 1939a) 
Infanta are particularly susceptible to 
malaria and mortality is very high in the 
one month to five > ear age group Toler 
ance to infection tends to develop rapidly 
and teaches its height at adolescence 


Lster cspeciallv after middle life tolerance 
15 appreciably reduced (Dauer and Faust 
1936) 

DtsTMBrmov OT Usidsu r< the UNms) 
States and Canada 

Con-crvative endeace indicates that ma 
lana is today mdigenous in 36 of the United 
States. These mclnde all of the southeast 
em states (te, Virginia, North Carolina, 
Sooth Carolina Georgia, Florida Ken 
tacky Tennessee Alabama Mississippi 
Arkansas and Iiontsiana) a large portion 
of Oklahoma and Texas Missouri (espe- 
cially the southeastern section) several 
counties each in New koik, Pennsylvania 
New Jersey Maryland Ohio Indiana Ilh 
nois and Michigan all three counties of 
Delaware the counties m VTisconsin Iowa 
and Minnesota adjacent to the Mississippi 
River Southeastern Kansas and probably 
Gage County in Southeastern Nebraska 
several counties in New Mexico Arizona 
and California two counties each m Wash 
mgton and Oregon Boise County Idaho, 
and possibly Mesa County m Central West 
ern Colorado The states apparently free 
of mdigenous malaria today are tbe New 
England States West Virginia North Da 
fcota South Dakota Utah Wyoming hlon 
tana and Nevada 

Malaria is not and has not been for many 
years indigenous m Canada 

SlAutuA Mortautt in the Unitid States 

While mortality rates by states are of 
some value a much more accurate evalu 
atiou of malaria can be obtained from a 
map showing the relative mortality rates 
for each county Such maps have been 
compiled by Maxey (1923) for the entire 
United States for the period 1919-1921 by 
Faust (1932) for the Southern United 
States (1930) by Dauer and Faust (1936) 
for the Southern States (1929-1933) and 
by haust (1940) for the Southern States 
(1929-1938) The accompanying map 
(Pig 1) provides a 10 year average by 
counties, for the entire United States for 
the period 1929-1933 and is based on sta 



THE DISTRIBUTION OF MALARIA IN NORTH 
AMERICA, MEXICO. CENTRAL AMERICA 
AND THE WEST INDIES 
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At the present time as m past decades 
all three cosmopolitan species of human 
malaria plasmodia Plcsmodium vtiax, P 
malanae and P falciparum, occur as etio 
logical agents of human malaria m the 
Western Hemisphere In North America 
P falciparum and P malanae are not nor 
mally indigenous north of the Ohio River 
Valley in the region east of the Mississippi 
River while their distribution west of the 
Mississippi probably extends northward 
only into southern Missouri and to the 
northern boundary of Oklahoma Never 
theless under favorable circumstances spo 
radio eases of estivo-autumnal malaria de 
velop from time to time in regions as far 
north as New York State central Ohio, 
central Indiana and central Illinois due 
most probably to the infection of anopbelme 
mosquitoes from human cases imported 
from the south and the transfer of the para 
site by the infected mosquitoes to a few 
individuals of the indigenous population in 
these more northerly climates Typically 
the infection is not transferred again to 
mosquitoes and dies out at this point An 
exception to the limitation of the esti>o 
autumnal parasite to a warm climate appar 
ently exists in New York City where this 
species has become artificially established 
in drug addicts as a result of the use of a 
common hypodermic needle (Most 1940b) 
Even m areas most favorable for its props 
gallon the quartan malaria plasmodium has 
an unexplained spotty’ distribution 
Thus the tertian parasite has a wide 
spread distribution m many of the cooler 
portions of the United States where the 
other two species of malaria plasmodia are 
not indigenous, while in the warmer cli 
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mates it shares responsibility for human 
malaria primarily with the estivo-autumnal 
parasite 

The incidence of malaria in a given ares 
may be judged either from morbidity or 
mortality data Since clinical diagnosis of 

chills and fever ' cannot be relied on as 
a diagnostic criterion a true estimate of the 
distribution and amount of malaria or the 
species of malaria plasmodia m a particular 
distnct depends on the identification of the 
plasmodium m stained films made from the 
bloods of a representative cross section of 
the population (t $ surveys to detect the 
parasite) or on malaria spleen surveys 
Unfortunately there are several reasons 
why malaria incidence statistics are usu 
ally onrehable These include the paucity 
of adequate malaria parasite or malaria 
spleen surveys, the inability of many phy 
siciaus to suspect or diagnose malaria m a 
sick population, the danger of usmg clini 
cal laboratory records as representative of 
a population as a whole the common prac 
tice of self diagnosis and self treatment 
with proprietary drugs and prescription of 
antimalarials by the physician without ade 
quate diagnosis 

Mortality data on malaria are on the 
whole more likely to be dependable than 
are morbidity data and are relatively reh 
able as an index of malaria endemicity in 
the Southern United States and to a lesser 
extent in countries of Tropical America 
where vital statistics have been compiled 
However since malaria deaths in warm 
climates result primarily from infection 
with the estivo autumnal parasite mor 
tahty statistics fail to provide information 
on the distribution or intensity of infection 
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Ta Annca} malaria mortaUt^ rat«a l>7 autea 
(or Ui« 6«utt«m 'Uaited Gtat«a and ar«ri^ total 
rates (or these atatea (or the 7eara 19 9-1939 


toiy condition has resulted at least m part 
from eztensite and mtecsire prereative 
measures directed against mosquito breed 
log and from antimalanal treatment of the 
human population is not known 
Viewing the United States as a whole we 
find definite evidence that malaria mortality 


has been greatly reduced m the past five or 
sue years and that the heavily endemic foci 
have shown evidence of improvement over 
one or two decades ago Nevertheless ma 
lana is more widespread and probably more 
prevalent today than m 1930 In the 
Southern States the infection is becoming 
dispersed radially from the heavily endemic 
centers In the North areas of endemicity 
a quarter of a century ago but presumably 
free a decade ago have provided the 
ground for reestablishment of the disease 
While it IS possible that this may have re 
suited from the reactivation, of latent 
autochthonous strains it is much piore 
hkelj that new strains brought into polen 
tial Northern and Western foci from the 
South and from Tropical America have con 
stituted the source of the increasingly vnde 
spread distribution outside the South 

Distribution or Milawa in Mexico Cbn 

TIlAL AKERICA ANU TSE 'WEST INDIES 
Since no inclusive resume of the status of 
malaria in the cemntnes south of the United 
States has ever been published this com 
pilation VJR8 undertaken with considerable 
hesitancy It was realized that attempts to 
discover the distribution and practical im 
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tistics provided by responsible officials of 
the departments of health of these states 
Heavily endemic foci that have remained 
relatnely constant during this decade are 
found in (1) a wedge shaped sector of the 
Southeastern States including areas in 
South Carolina Georgia Florida and t^vo 
adjacent counties in Alabama (2) the 
‘ delta area ’ of the lower Mississippi Val 
lev tioTU Cairo Illinois to Natthci Missis 
sippi (3) the portion of the Red River 
Vallej near the junctions of Oklahoma 
Arkansas Louisiana and Texas and (4) a 
4-oounty section of Texas at the month of 
the Rio Grande Except for the Alle 
ghanies and Appalachian hichlands deaths 
from indigenous malaria hai e occorred 
within the decade surveyed in counties from 
northernmost New York almost without in 
terniptioa down to the Gulf of Mexico 
(although raHch more consistently in the 
South than in the ^o^th) and with few 
county interruptions from Savannah to San 


Diego and from Milwaukee to El Paso In 
the North and "West, reports on malaria 
deaths ha\e frequently been acsompanied 
by information indicating that the infection 
was acquired in the highly endemic South 
or m Tropical America 
Within the past decade a cyclic low rate 
of malaria deaths was experienced m all of 
the Southeastern United States either dur 
ing the year 1931 or 1932 {Fig 2) How 
ever a year or two later all of these states 
bad a decidedly increased malaria death 
rate although in. South Carolina and 
Georgia the peaks were not reached until 
1938 There followed an unusuallj satis 
factory decline in the rate through 1939 
with an aierage rate JciW for that year of 
44 per 100 000 population the lowest on 
record Cyclic increases and decreases m 
malaria customarily recur eierj five to 
seven years but the increase expected 
in 393‘^1939 failed to materialize except m 
Alabama (1939) Whether this satisfac 
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portance of malana differed widelv m tbe 
respective countries and that some rela 
tively uniform method of evaluating data 
had to be provided To this end a question 
naire vras addressed m February, 1940, to 
the chief of the public health Eemce of eadi 
country in an attempt to obtain as much 
concrete information as possible 

In several countries the desired informa 
tion was not obtainable or only parbally 
available On tbe other hand, the reports 
obtained from some officials were fairly 
complete and bear evidence of relative accn 
racy and reliahibty In only three m 
stances have repeated requests been ignored 
It must be frankly stated, however, that 
much of this information is not wholly de 
pendable because it is baaed on clinical 
rather than survey records and is neither 
completely accurate nor representative 

The most essential data are summarized 
by countries m Table I while the average 
mortali^ rates are shown by countries and 
wherever possibl'* by major political or tco 
graphical subdivisions on the accompanying 
map (Pii 3) 

"With the probable exception of the Ba 
hama Islands malaria is endemic through 
ont the entire area covered in this portion 
of the report In the highlands and essen 
tiallv dry areas the disease is usuallv much 
less intense than it is along tbe swampy 
coastal areas and in tbe tropical ram for 
ests Nevertheless, highland malana con 
stitutes an important problem in parts of 
Mexico and Central America Official gov 
emment reports indicate that the most 
highly malarious terntory on tbe mainland 
btgms m Southern Mexico and with few 
interruptions extends through Panama 
The only comparably malarious countries 
of the "West Indies are Haiti, Bepnblica 
Dominicana portions of Puerto Eico, St 
Lucia and Tnmdad 

The range in malaria mortality in conn 
tries with important political subdivisions 
may be very wide, as is seen when the rates 
for these subdivisions are compared with 
the averages of the country as a whole 
(Table I Fig 3) Thus, the official figures 
indicate that Mexico has an average rate of 


1407, although the Distnto Federal is 
stated to have the low rate of 6 16, Michoa 
can, 9 43 and Chihuahua, 12 55 In con 
trast, the rate for Tabasco is reported to be 
502 29 and that for Oaxaca, 563 02 Quate 
mala, for which there is the official average 
rate of 414, has reported department rates 
ranging from 125 to 1671 Costa Rica, with 
an average rate of 152, has department 
rates raugmg from 25 to 348 Cuba, with 
an average rate of 20 6, has a range from 
3 2 (Habana) to 88 5 (Camaguey) 
Attention is directed to the relatively low 
ratio of recorded morbidity rates compared 
with the mortabty rates This is explamed 
by eome reportmg government officials as 
dne to the extensive distribution of anti 
malariala by local dispensaries However, 
m only three of the countries surveyed— 
Nicaragua, Puerto Rico and the Virgin 
lilands (U 8 A )— is malana a reportable 
disease 'With the exception of Ouatemala, 
Jamaica Puerto Rico, tbe Virgin Islands 
and possibly Nicaragua routme diagnosis 
» based primarily on scanty clinical his 
tones and on therapeutic tests since many 
of the physicians and practicantes either 
have no immediate access to diagnostic laho* 
raiones or do not avail themselves of exist 
mg services Thus it is highly probable 
that only a smaU percentage of malaria 
cases IS included in the official figures 
The computed average malana mortabty 
rate for all of the tropical countries con 
sidered in this paper (with a reported popu 
lation of 38 500 000) is 166 per 100000 
population, a figure probably far too low 
This means that approximately 63 900 
deaths in this area ate caused each year by 
malaria and contrasts conspicuously with 
the average of 3 258 deaths (1933-1939) for 
tbe Southern United States which has ap 
proximately the same sue population group 
(» e , a ratio of nearly 20 to 1 ) 

In several of the repotting countnes ex 
tensive malaria survej^ have been con 
dneted m recent years or are being carried 
ont by health departments, at times in col 
laboration with staff members of the Inter 
national Health Division of the Rockefeller 
Foundation and in Panama with the added 
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South malana mortality is relatively low 
although the morbidity may be appreciable 
These inferences are in accord with the 
evidence that the benign malaria parasite 
P vttax is the only known autochthonous 
species m this territory In the Southern 
United States malaria appears to be spread 
mg radially from three or four highly en 
demic foci Although the mortality rate 
in the South as a whole has reached a rela 
tively satisfactory low le^el certain foci 
have a maintained tropical malaria death 
rate "While there is a wide range m ma 
lana mortalitj rates reported irom Mexico 
Central America and the "West Indies the 
average for these countries as a whole is at 
least 20 times that of the Southern United 
States 

4 There are adequate laboratory lacili 
ties for the accurate diagnosis of malana 
films ID several of the United States and in 
a few of the tropical countries surveyed 
but diagnosis is still too commonly based on 
clinical evidence and therapeutic tests 
Moreover diagnosis of malaria ptasmodia 
m the blood of clinic patients provides no 
real evidence of the prevalence of the mfec 
tion in the population as a whole Thns 
most official records of malaria morbidity 
are unreliable as an index of the amount of 
malaria and of the relative incidence of the 
different species of malaria plasmodia m a 
gi\en area 

5 Extensive blood film examinations of 
representative cross sections of the popula 
tion constitute the most accurate basis for 
determining the malaria index of a conn 
try Sun ej s of this type ha> e been carried 
out or are m progress in some of the United 
States and in seieral of the other countries 
under consideration 

6 While splenic enlargement i!> proba 
bly not as accurate an index of malana as 
is blood film examination spleen survevs 
carried out on children are fairlj reliable 
and offer an opportunity for determinii^ 
malaria incidence in areas where facilities 
and training are inadequate for diagnosis 
of the parasites in blood films 

7 Throughout the territory favorable for 
the propagation of all three common species 


of human malaria plasmodia the relative 
incidence of P vtvax and P falciparum 
vanes but for any li-ge area P malariae 
IS relatively unimportant 

8 In all of the warm areas surveyed P 
/ofetporum is the species primarily responsi 
bio for malaria deaths 
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assistance of the Gorgas Meroorial Labora 
tor7 and the agencies of the Canal Zone 
Based on the diagnosis of malaria plas 
modia in blood filing or on enlarged spleens 
in representative groups of the population, 
these surveys show a latent malaria jnci 
denee many fold higher than the reported 
malaria morbidity approaching at times 
75-95 per cent of the entire population of 
certain areas Such surveys provide a much 
more reliable basis for estimating the ma 
laria incidence than do hospital records or 
mortab^y statistics 

The relative proportion of the three com 
mon species of human malaria plasmodia 
vanes considerably In the interior of Mex 
ICO m Gnatemala Kicaragna Costa Rica 
and Panama Plasmodium tuaic preponder 
ates in Nicaragua it is reported to consti 
tute 79 5% of the total infections In Cuba 
extensive surveys indicate that P vnonand 
P falciparum are aboat equal In the 
littoral areas of Mexico and m Yucatan, m 
El Salvador Honduras Haiti, Republica 
Dommicana and the Lesser Antilles P 
falciparum is much the more common spe 
ctes or at least is the species most com 
monly found in blood film examinations 
Although P malartae ranks third in ail of 
the countries, its proportion of the total 
infections varies from 12 7% in Guatemala 
to 0% in Nicaragua and Cuba (In Cuba, 
cases of diagnosed quartan malaria are re 
ported to have been imported ) In Costa 
Rica surveys show that it is relatively com 
mon on the Pacific Coast However varied 
Its incidence may be m the populations of 
the several countries P falciparum is pn 
manly the parasite responsible for malaria 
mortality 

Genebal Considebations and Covcnnsioss 

From the days when malaria was first 
recognized as a serious disabling and fre 
quentlj fatal disease in the "Western Hcmi 
sphere attempts have been made to combat 
it Control measures became more effective 
with the known relationship of anopheline 
mosquitoes to the life cjcle Yet with few 
exceptions the epidemiology of malaria in 
the Americas has been scientifically nnder 


taken on an extensive scale only within the 
past two decades and in some countries is 
only now being initiated Moreover, there 
IS evidence m at least two countries of Cen 
tral America that extensive antimalarial 
treatment is in progress without anj ante- 
cedent fundamental epidemiological inv esti 
gations based on surveys of the prevalence 
of the malaria parasites m the population 
"While there is some indication that the most 
heavily malarious areas in the United States 
are gradually commg under control the 
much more intensely infected areas in tropi 
cal America are probably as malarious to 
day as they were fifty years ago In many 
localities the urban communities are under 
relative control as a result of anti mosquito 
and therapeutic measures while the rural 
population with higher parasite rates and 
better opportunity for mosquito transnns 
Sion constitutes the essential seedbed of the 
infection 

The data which have been assembled vary 
from scant statements admittedly inaceu 
rate to voluminously documented evidence 
covering practically all phases of the epi 
demioiogy of malaria in every subdivision 
of the country Such data cannot he placed 
m the same category They indicate pubbc 
health attitodes as widely separated as apa 
tbetic tolerance and progressive realism 

In spite of the difficulties encountered m 
evaluating such varied evidence the follow 
mg conclusions may be tentatively drawn 

1 }ilalana is widespread throughout the 
Southern United States where all three 
common species of human malaria plas 
modia are established It also has an ex 
tensive distribution m the Eastern Central 
and "Western States where P viiax is the 
only proven autochthonous species JIa 
laria is probably not now endemic m 
Canada 

2 Except for the Bahama Islands and 
Barbados malaria is a serious menace 
throughout practically all of Mexico the 
countries of Central America and the West 
Indies in which countries practically every 
political subdivision has an unsolved ma 
laria problem 

3 In the United States outside of the 
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The plasmodia as single-celled animals 
belong to a large and heterogeneous group 
the phylum Protoroa The presence ot syn 
gam> places them in the subphylQm Plas 
modroma As spore producers the} belong 
to the class Sporozoa and as the spores are 
formed at the end of the cycle and have 
neither polar capsules nor polar filaments 
they fall m the subclass Telosporidia Hav 
mg motile zjgotes and sporozoites without 
enrelopes they belong to the order Raemo 
spondia They are in the family Plas 
modudae which is characterized by schi 
zogony in the peripheral blood pigment 
production and the mosquito as an mverte 
brate host This family has a single genns 
Plasmodium which has the same character 
istics as the family 

Valq] SrxciES 

Until comparatively recently certain 
groups of malaria students were reloctant 
to accept the idea of there being more than 
one species of human malaria eieu though 
Golgi (1686a) long ago carefully diam 
guished between tertian and quartan ma 
larta fevers Part of the confusion resulted 
from observations on mixed infections 
where the different morphological types 
encouuteied were wioneously tbowchl to 
comprise an entity 

Specific status of a species m line with 
the accepted zoological practice is assessed 
on the basis of certain morphological char 
acters which must remam constant during 
the life of the parasite in the human host 
and in the insect sector Consequently 
with the advent of malaria therapy oppor 
tunities were afforded for controUed studies 
of both the asexual and sexual cycle under 
laboratory conditions The results of these 


studies have confirmed that there are sev 
eral species of human plasmodia and that 
these separate species are made up of races 
or strains which although as yet indistm 
guishable on morphological grounds can be 
separated on the basis of antigenic proper 
lies effect of drugs virulence and mfec 
tuity 

On the basis of available knowledge the 
accepted species of human plasmodia are 
P vital P nolanat P falciparum and 
P ovale 

There was a fair quantity of data in sup 
port of the acceptance of the validity of the 
three classical species prior to 1918 but 
these data had been obtained from the study 
of natural infections or from limited obser 
vations on induced cases in volunteers We 
now have extensive experimental support 
mg evidence from the Eorton Malaria 
Therapy Center in England 8ocola Malaria 
Therapy Center m Boumania Station for 
Malaria Research Tallahassee Florida the 
Williams Malaria Research Laboratory, Co- 
lumbu S C and many others For P 
male however the experimental data rest 
for the most part on the observations of 
James and his associates at the Horton hla 
lana Therapy Center m England and thev 
have presented ample evidence to justify 
ranking P ovale as a separate species, it is 
8pecifi<ally different m morphology from 
the other three species and these differences 
are constant in all infections resulting from 
direct blood inoculation In the mosquito 
the character and arrangement of the pig 
ment m the oocysts is decidedly character 
istic and the sporozoites found m the sail 
vary glands are much smaller than those of 
P vivox its nearest relative In the mfec 
tious resulting from mosquito bites the 
19 
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ture They pointed out the almost intolera 
ble confusion sure to result from the strict 
application of the rules of zoological nomen 
clature and proposed in the interest of uni 
formity and convenience the general adop 
tion of the commonly used de facto names 
Following the suggestion of Chnstopbera 
and Sinton the Sergents Parrot, and Ca 
tanei (1939) surrendered their proposal of 
1929 and also urged the general adoption 
of the commonly used names 
A study of the problem has brought us to 
the pomt of agreement with the English 
and French anthers Vast confusion could 
arise from an insistence to adhere to the 
theoretically correct (de ]ure) nomenda 
ture of the malaria parasites. Therefore 
the general adoption of the de facto names 
P vitax (Grassi and Feletti 1890) P ma 
lanae (Grassi and Feletti 1890) and P 
faleipanim CWelch 1897) is urged 
P ovale Malariologists are now m 
agreement regardiag the nomenclature of 
the ovale parasite The correct name is 
P ovale Stephens 1922 
There is offered below what is believed to 
be the correct synonymy for the four valid 
species of human malaria 
P max (Orassi and Feletti 1890) 
Baemamoeba malartae Feletti and Qrassi 
1890 partim 

Baemamoeba itiax Grassi and Feletti 
1890 

Plasmodium malarjae fcrtianae Celli and 
Sanfelice 1891 

Plasmodium malariae tertianae Exuse 
1892 

Baemamoeba laverani var terttana 
Labbc 1894(T) 

Baemospondium fertianae Lewhowicz 
1897 

Baemamoeba malartae tertianae Laveran 
1901 

Plasmodium camarense Ziemann 1915 
P malanae (Grassi and Feletti 1890) 
Baemamoeba malanae Feletti and Grassi 
1890 parfim 

Baemamoeba malanae Grassi and Feletti 
1890 

Plasmodium malanae var quarfanae 
Celli and Sanfelice 1891 


Plasmodium malartae quartasiae Kruse, 
1892 

fliaetnamoeha Zateront var quartaiiae 
Labb£ I894(t) 

Baemospondium quarianae Lewhowicz 
1897 

Baemamoeba malanae var guartanae 
Laveran 1901 

Plasmodium golgti Sambon, 1902 

P falciparum (Welch, 1897) 

Oscillaria malanae Laveran 1831 

Laveranta malartae Feletti and Grassi 
1890 

Baemamoeba praeeox Grassi and Feletti 
1890 parttm 

Plasmodium malanae quottduinae CeUi 
and Sanfebce 1891 

Baemamoeba mmaeulats Grassi 1891, 
partim 

Baemamoeba tmmaeulata Grassi and Fe> 
letti 1892 partim 

Laveranta malanae Grassi and Feletti 
1892 

Plasmodium malanae irregularis Kruse, 
1892 

Baemamoeba laverani var terttana 
Labbe 1894 (T) 

Baemato oon falciparum Welch 1897 

Baemospondium undectmanae Lewho* 
wicz 1897 

Baemospondium sedectmanae Lewko- 
wicz 1897 

ffaemoepondtum tigestmo terlwnae Lew 
kowicz 1897 

Baemamoeba malanae var parvo Lav 
eran 1901 

Plasmodium falciparum var subterti- 
anum Bates 1913 

Plasmodium falciparum var guotidi- 
anum Bates 1913 

Plasmodium tenue Stephens 1914 

Plasmodium caucasium Marzmowsty 
1916 

P otale Stephens 1922 

None 

PnasMODiA OP Doubtful Taxovouic 
Status 

P vtiax var minufa Emm 1914 Craig 
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periodicity of the asexual cycle the elmical 
course of the disease, aud the characteristic 
morphology of the parasites are mamtained 
As proof of the separateness of the spe 
cies, patients refractory to the other three 
species are not necessarily immune to P 
ovale 

It 13 hoped for reasons of practicability 
and unity that an agreement can be reached 
as regard the specihe names For the pres 
ent report, all of the important papers deal 
mg with nomenclature have been studied 
The co&clusious reached by other authors 
have been reviewed and an attempt made to 
bring together the correct synonomy for the 
different species of human plasmo^a It is 
not proposed to give a complete discussion 
on the question of specific nomenclature 
but only such pomts as seem essential For 
a more complete discussion, the reader is 
referred to the papers by the Sergents end 
Catanei (1929 1939) Christophers and Sin 
ton (1938) Smtoa (1939a) Craig (1933) 
and James Nicol and Shute (1933) 

P tivax Students of the subject are 
agreed that the correct name for the para 
site of benign tertian malaria is P vxtax 
(Grass] and Feietti 1890) 

P malance There has hepn general ac 
ceptance of the name P mofortae for the 
parasite of quartan malaria, hut seemingly 
smce Lube (1900) this name has been 
credited to Laveran rather than to Qrasst 
and Feletti This discrepanej can only be 
explained by assuming, that Laveran (1881) 
gave the name malarxae to the human ma 
laria parasites m general which in the light 
of our present knowledge he did not do 
Grassi and FeletU (1890) definitely gave 
the name malartae to the quartan parasite 
imder the genus Haemamoeha a correct 
procedure if two genera were recognized 
Celh and Ssnfehce (1S91) used the name 
p tnalariae var quarfonae which makes P 
quartanae Celli and Sanfelice 1891 the do 
jure name for this parasite smce only one 
genua is recognized As is pointed out he 
low, the adoption of this name would lead 
to much confusion, and it is suggested that 
the de facto name of P malartae be con 


tinued for this species and credited to 
Grassi and Feletti 1890 

P faletparum The correct name for the 
parasite of malignant tertian malaria is not 
so easily determined Laveran (1881) gave 
the name Osollana matanae to the new 
parasite found by him m the blood of ma 
lana patients The parasites he described 
were undoubtedly those of malignant ter 
tian malaria Thia being true malartae, by 
right of priority is the correct specific name 
for the parasite of malignant tertian ma 
laria and the one whndi should have been 
retained Grassi and Feletti (1890) pro- 
pCBcd their own name malartae within the 
genus Uatmamoeia for the parasite of 
quartan malaria retaimag Laveran a ma 
lartae within their new genus Ijaveranta for 
the parasite of maUguant tertian malaria 
Such a procedure is zoologically correct if 
two genera are recognized, but since only 
one genus, Ploimodiuni hlarchiafava and 
CcUi, 1885 is now recognized (Opinion No 
of the International Commission on 
Zoological Nomenclature, 1928) it follows 
that the two generic names Saemameela 
and Zaunnia sink 

'Welch, 1897, proposed the name Eat 
maio oon faletparum for the parasite of 
malignant tertian malaria 

The Sergents and Catanei (1929) after 
an exhaustive study came to the conclusion 
that the correct name for the malignant 
tertian parasite should be P praecox Grassi 
and Feletti 1890 Giovannola (1935) re 
examined the problem and concluded that 
the correct name should he P immaculatum 
(Grassi and Feletti 1892) but, as recently 
pointed out by Christophers and Smton 
(1938), this specific name should be credited 
to Grassi (1891) if it is to be recognized at 
all However thej point out that malartae 
was the specific name applied originally to 
the parasite by Laveran and is the de jwre 
name The de facto name for this parasite 
is P faletparum CWelch 1897) 

In considering this question Christo- 
phersand Sintnn (1938) and Smton (1939a) 
drew special attention to the difference in 
names for the three classical species under 
the specific de jure and de facto nomencla 
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compact and bear a close resemblance to P 
ovale The nucleus and vacuole are well 
defined Multiple infections of the red cells 
are common band forms are absent The 
older parasites are compact and exhibit a 
•well defined vacuole The pigment is yel 
low black and is not clumped The quar 
tan like gametocytes are pale in color with 
well-distributed pigment the females being 
markedly different from those of P vtini 
There is little cell margin around the full 
grown parasites The meroroites range 
from 10 to 12 m number The host cells 
an always enlarged after the parasites are 
more than one quarter grown and this en 
largement may surpass anj thing seen in P 
ttiai infections A faint elipplmg finer 
than Schuflner s dots is sometimes present 
Relapses are frequent even under intensise 
quinine and atabrme treatment each attack 
resulting m heavy infections 
Wenyon (IdU) is of the opinion in 
which we concur that although this is an 
unusual parasite the full proof of its ape 
cifieity 18 still to be demonstrated 
In view of the conflicting evidence and 
opinions It seems that before rejecting or 
accepting any of the above types it would 
be expedient to follow the successive life 
cycles through both the human and the 
mtertebrate hosts under controlled condi 
tiona The practice of malaria therapy 
allows for such a procedure 

Stiuiks OB Paces 

It is generally recognized that within the 
morphological limits of the species of ma 
Isria there are numerous strains or races 
The«e minor groups are now recc^ized on 
the basis of studies dealing with clinical 
virulence infcctivity to man and mosqui 
toes response to antimalanal drugs and 
antigenic response With better staining 
technique it may be possible later to corre 
late th<>se immunological differences with 
now unrecognized morphological characters 
The rise of malaria therapy gave oppor 
tunity for the systematic study of these 
strains of human malaria under controlled 
conditions and much data of practical im 
portance have been accumulated both in 
this country and abroad. 


In this country various strains have been 
isolated and studied for varying lengths of 
time The discussion here will be limited 
to those that are well established 

McCoy strain of P iiiuz This strain of 
human malaria has been intensu ely studied 
by Boyd and his associates It was secured 
in 1931 from a patient Imng near Talla 
ha^e, Florida, and has been maintained 
at the Florida State Hospital since that 
time Up to August 1 1939 (Boyd 1940a) 
this strain had been maintained through 47 
consecutive human anopheline passages in 
solving approximately four hundred pa 
ticnts This strain produces attacks of 
more than aiera^e seventy is a consistent 
gametocj te producer and relapses are 
frequent Boyd also shows this strain to 
b<» iminunologieally distinct when tested 
against four other strains the White the 
Wilson Dam the Mayo and the Cuban 

Clexeland strain of P tiiar To our 
knowledge this is the oldest strain of tertian 
malaria now maintained m the United 
States We are indebted to Dr H N Cole 
of the Cle\ eland City Hospital for informa 
tion on this strain He reports that it was 
obtained from a patient in 1925 and has 
been propagated since that time entirely by 
blood inoculation The strain has been 
passed through from 1 500 to 1 800 patients 
during the 15 years without loss of viru 
lence 

The St Elizabeth strain of P vxvax 
This strain was obtained from St Ehza 
bcth s Hospital in Washington DC in the 
spring of 1937 and has since been Kept 
under continuous observation at the South 
Carolina State Hospital It has occasion 
ally been passed through mosquitoes but 
ordinarily it is transferred by the intrave 
nous inoculation of 5 cc of infected blood 
1\Tien this strain and the U S Public 
Health Service quartan strain were intro- 
duced simultaneously m paretics the max 
parasites usually dominated so that the tna 
lanae parasites disappeared from the blood 
stream (Mayne and Young 1938) Up to 
December 15 1940 this strain had been 
carried through 39 consecutive serial pas 
sages lavohing approximately 94 patients 
It ordinarily produces at least 20 parox 
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(1900) described a plasmodium of distinct 
morphological character which he found 
occurring in the blood of soldiers returning 
from the Philippmes Emm (1914) named 
a form which he found m the blood of some 
pilgrims in Camaran Island P utvox var 
niinutfl Craig (1926) accepted Emm’s 
form as the one earlier describ^ by l>»Tn but 
not named Later Craig (1933) after 
studymg slides of P oialt obtained from 
Torke James Nicol and Shqte came lo the 
conclusion that the parasite described by 
him in 1900 was P otoU Stephens and not 
P vitaz Tar minuta Emm as he had pre 
viously thought m 1926 

Ziemann (1915) studied the Camaran 
Island parasites and was so con\mced of 
their separateness that he gave them the 
nameP camarense Ziemann (1938) how 
ewer says that he believes Emm s parasite 
should be considered as a variet> of P 
vtvcx 

Wenjon (1926a) states that he has seen 
similar forms m Mesopotamia and Mace 
doma but regarded them as aberrant P 
titax or P tnalariae 

P fatctparum quoUdtanum Craig 1909 
Craig and Faust (1940) are of the opinion 
that Grassi and Feletti (1890) described 
this form m part and that later Marchia 
fava and Bignami (1891-1892) called it 

the quotidian aestno-autumnal plas 
modium Craie, (1909) studied several 
infections with this organism and became 
convinced of its separateness from the true 
P falciparum Tins' plasmodium was said 
to produce a paroxjsm everj 21 hours the 
gametocvtes were crescentic but smaller 
than the typical P falciparum The rings 
were rich m chromatin and the schizonts 
produced 6 to 18 merozoites with an av crage 
of from 12 to 14 For this plasmodium 
Craig proposed the name P falciparum 
quotidianum 

Ziemann (1938) states that he has never 
been able to recognize this quotidian form 
and therefore questions its validity Qio 
vannola (1938) believes that further study 
is needed before a definite decision can be 
given 

P pernicioswm Ziemann 1915 Ziemann 


studied a malignant tertian malaria m the 
Camcroons and became convinced of its 
separateness from the typical falciparum 
infection in Italy and other countries This 
form was said to produce only a small quan 
titj of dark pigment There was complete 
disappearance of the parasites from the 
peripheral blood after ring formation The 
infected cells have a brassy” tint The 
schizonts occupj only one third to one half 
the diameter of the infected cell and the 
merozoites number 12 to 16 The gameto 
cytes are smaller and are not produced 
abundantly 

Wenjon (1926a) states that he has stud 
led both the European and West African 
types of P falciparum and has frequently 
observed the African form to behave en 
tirely opposite to that ascribed to it by 
Ziemann As a consequence, he thinks there 

15 little reason for accepting P perniciojam 
as a distinct species 

Ziemann (1938) still holds for the scpa 
rateness of this type but now considers it 
a variety or subspecies of P falciparum 
Id this later paper be lists the character 
isties again but saj s the schuonts produce 
only 10 to 12 merozoites m contrast to 12 to 

16 as given by him m 1915 and that sickle 
forms are not seen Also this form is more 
resistant to quinine than the typical P 
falciparum 

Raffaele and Lega (1937) described the 
differential characteristics of parasites 
which they found in some malignant tertian 
cases from Italian East Africa and because 
these forms were shorter and broader and 
especially in the males less falciform they 
proposed to recognize this tjpe as a new 
variety for which they proposed the name 
P /nlciporum var oetAiopicum Later Gio 
vannola (1938) concluded that the Aethi 
opian strain is probablj identical with Zie 
loann's perniciosum 

P ttitsoni Roberts 1940 This recently 
described parasite was first seen bj Dr 
Baxter Wilson in the blood of two African 
patients from Tanganyika and has since 
been found by Roberts (1910) amongst all 
races m East Africa According to the 
description the j oung trophozoites are very 
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OLOGY OF PLASMODIUM MALARIAE 
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■MORrHOLOGY SCHIZOGONOLS CYCLE 
Plas/nodnim malarias lias several charac 
tensties which sharplj distinguish it from 
the other human malaria parasites. The 
length of the asexual cjcle is 72 hours a 
small number of merozoites are produced 
It has the heaiiest Stamms protoplasm and 
produces a large quantity of dark (nitmular 
pigment the motements of the Using para 
site are quite sluggish 
The morphology of the parasite changes 
as It progresses through its life cjcle The 
>cpun,.esl stage of the parisite obsersed in 
an erjthrocjte comprises a circle of cyto 
phsm containing a spherical bit of chro 
matin and enclosing a sacuole the so called 
signet ring stage This ring is from one 
fourth to one third the size of the infected 
ted cell AlthoUah this parasite has denser 
ejtoplasni and chromatin than P titar it 
It quite difficult to distinguish between them 
at this stage as both are approsimatel> the 
same size The distinction between P ma 
lariae and P /alcipanini is easier in the 
latter the rings assume characteristic bi 
zarre forms and are onlv about half the size 
of P mnlanae 

P walanac grows more slowlj than anj 
of the other human malaria parasites The 
lacuole disappears after a few honrs In 
the hung condition the moYeroent is slug 
gish Pigment granules begin to appear 
earlj in its growth and sometimes a granule 
ma% be found in a late ring stage The pig 
ment increases rapidh and half grown 
parasites ma> exhibit 30 to 50 granules 
This parasite develops more pigment thnYi 
anj of the other human malarias The pig 
ment is m irregular granules which dis 
tinguishes it from the rod like pigment of 
P viiax VThen the cjtoplasra and pigment 


are together the latter appears to be brown 
ish blick or eien jet black however when 
the pigment is seen free of the parasite cj to 
plasm it often appears amber or jellowish 
brown It appears that the heavj cyto 
plasm of the parasite might cut out some of 
the light and gne the pigment the dark 
appearance when the two are seen together 
III the living parasite the coarse pigment 
exhibits oscillator} motion but little diree 
lioiia) movement 

As the parasites become larger some of 
the forms nia> be found stretched out like 
a ribbon across the cell the so called band 
forms These bands are found Ijing m 
ever} direction as well as that in which the 
smear was made and therefore it can 
hardiv be said that they are the result of the 
directional pressure m making the smear 
Furthermore these bands are found much 
more frequent!} in P malarias than in the 
other Species so that the} are considered 
diagnostic The bands ma} be seen at any 
time until the parasites practicall} fill the 
host cell Quite frequentl} m these band 
forms the chromatin will be distributed 
along one longitudinal or vertical border 
with the pigment m a parallel distribution 
on the opposite border In such cases the 
chromatin often appears dispersed instead 
of being in a tvpical concentrated mass 
At other times the chromatin and pigment 
maj be scattered indiscriminate!} through 
out the parasite 

As the parasite matures its size ap 
proaches that of its hovt ervthrocjte This 
species of parasite does not cause enlarge 
ment or blanching of the parasitized red 
edl m fact sometime-, the parasitized red 
cells seem to shrink slightlv 

After about the 54th hour multiple chro 
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ysms re^larly produces gametocytes, and 
relapses are decidedly infrequent 

U S Public Health Service strain of P 
malanae This strain -was isolated in 
1932, from a young seaman a resident of 
Monroe, Louisiana, who was a patient at the 
U S Marine Hospital in New Orleans 
This strain has been under continuous ob 
ser\ation at the South Carolina State Hos- 
pital where up to December 1, 1940 it has 
been passed through 57 continuous serial 
transfers and 418 patients, bj direct blood 
inoculation. Most of these patients were 
colored paretics, although the strain is also 
used on the white service In patients of 
normal temperament and habits this strain 
n generally synchronous (loung, Stubbs 
and Coatney 1940) In colored patients it 
usually produces 25 to 30 paroxysms or 
more and relapses are infrequent The in 
cubatiou period, using 5 co of blood with a 
moderate number of parasites is approxi 
mately three weehs Patients infected with 
this strain who experience 15 to 20 parox 
yams acquire a relatively high immunit> to 
remoculation with the same strain , to date 
the heterologous immunity has not been 
tested 

This strain was shown to produce 3 per 
cent infections in A punctipennu (Moyne 
1932) Boyd (1940b) also reports success 
ful transmission by A quadnmaculatus 
During the eight years this strain has been 
under observation at the South Carolina 
fatate Hospital it has continued to produce 
gametocytes and there baa been no appar 
ent change m virulence Dr Q C Branch 
of the Veterans Administration Tuskegee 
Ala obtained this strain from our labora 
tory m November 1932 la a personal 
communication of December 2 1940 he 
states that the strain is still maintained and 
has been earned through 62 consecutive 
pa sages bj blood inoculation involving ap 
proximately 600 patients Branch (1940) 
reported that this strain was no longer pro 
ducing gametocytes However infected 


blood obtamed from him in the summer of 
1940 and inoculated into patients at this 
hospital produced typical infections with 
gametocytes 

This strain was sent to the New Jersey 
State Hospital, Greystone Park N J in 
June 1934 where it has been used thera 
peutically ever smee Dr C M Sagert of 
that institution reports m a personal com 
munication that up to December 1, 1940, 
it had been grown in 355 patients 

Jones strain of P malanae This stram 
was isolated from a colored patient at the 
Florida State Hospital in tte spring of 
1932 Boyd (1940b) reports the successful 
passage of this stram through two complete 
human anopheline cycles From one pa 
tient in the first mosquito senes the stram 
has been propagated artificially through 18 
serial passages mvolving 29 patients 

The Long stram of P falctparum was 
obtamed from a colored patient at the 
Florida State Hospital m 1935 and has been 
memtamed in both negro and white pa 
ttents at that institution since that time 
Boyd and Kitchen (1937e) report that this 
stram has an intrinsic mcubation period 
after mosquito bites of 9 to 13 days with 
a special predcliction for 11 days while his 
(Boyd) Coker strain had limits of 6 to 25 
days According to Boyd (1940a) the Long 
stram has been earned through 19 consecu 
tive human anopheline passages Also, 
Boyd tested this strain immunologically 
agaiust the Cuban Mexican and Pana 
manidu strams by inoculating these strains 
into lion^ stram convalescents and the Long 
strain into the convalescents of the other 
strams he found the Long stram to be im 
munologically different from any of the 
others tested 

The above reports show that there are 
several well established strains of human 
malaria m this country In addition there 
are certain lines under observation which 
with further study will undoubtedly prove 
to be definite strains 



MORPHOLOGT LIFE CYCLE AND PHrarOLOGY OF P JIALASIAE 


27 


(193D) in a mixed infection of P malartae 
and P falciparum found an unpigmented 
parasite contained in a basophilic mono 
blast but this was not shown definiteb to 
be of P niaJanac origin Baffaele (1940) 
reports finding unpigmented forms for the 
first time of P malcnae in the bone 
morrow 

Sporogonods Cycle 

Gametocytes In the blood stream the 
joung stages of the gametoejtes of P 
malariae are similar to the asexual forms 
It IS \irtually impossible to distingmsh a 
gametoe>‘te from an asexual form until 
about the 54th hour at which time the 
asexual form begins to show multiple chro 
matin znasseii 

From the 54th to the 72d hour different! 
ation between the sexes of the gametoejtes 
becomes more certain The female exhibits 
a heavy deeply staining blue cj topiasm with 
a small eccentric sharplj defined and well 
staining chromatin mass In the male gam 
etoeyte the cytoplasm stains a light to pink 
ish blue The chromatin is difluselj scat 
tered sometimes occupying one half of the 
cell and stains a very light pink m contrast 
to the deep pink or red of the female The 
pigment in both types of gametocytes re 
mams scattered as long as the parasites 
remain in the blood stream 
"When fully grown the gametocytes com 
pletely fill the host cell The gametocytes 
mature at or shortly after the s^pnentation 
of the asexual forms The evidence so far 
indicates a cjchc development parallel to 
that of the asexual forms 
Ordmanlj more female than male gam 
etocjtes are produced However this may 
vary with different strains as dc Back 
(1935) believes that the Vienna strain pro 
duces more male than female gametocytes 
Many workers believe that gametocytes 
are rarely produced bj P malariae Onr 
studies on induced quartan malaria do not 
bear this out for we have found them at all 
seasons and m all ty pes of infections How 
ever it is true that in absolute numbers few 
gametocytes are found but it must be re- 
membered that this species has the lowest 


blood stream population density of the 
human malarias 

Spokouony in Mosquito 
Because of the raritv of natural infec 
tions the scarcity of gametocytes and the 
small number of mosquitoes which become 
infected relatively few observations have 
been made on the developmental cycle of 
this species and knowledge of the sporogo 
nous cycle is far from complete 
Slaturation When the mosquito ingests 
blood containing matuie gametocytes ma 
turation of the female gametocjte occurs 
This process has not been adequately ob 
served for P malariae Following the 
maturation the female gamete is ready for 
fertilization by a male gamete 
The matured male gametocyte ejects sev 
eral ffagells which are the male gametes 
Baffaele (1939) found the gamete oonsuts 
of a tapering filament containing chroma 
tin with a long flagellum attached at the 
anterior end this flagellum is more or less 
adherent to the filament throughout its 
length 

It has been found in our laboratory that 
varying numbers of male gametes are 
formed when exflagellation occurs in a 
moist chamber the number varying between 
two and five 

In a moist chamber Ivligler and Mer 
(1937) found this species to be the slowest 
of all to exflagellate Mer (1933) ob 
tamed better infections in Anopheles elittus 
when both young and fully grown gaiueto 
cytes were present than when only fully 
grown gametocvtes were found although 
the latter exflagellated well 
Perfili ahort ooKmete {lermicular 
gate) Although the actual process of fer 
tilization of other parasites has been wut 
nessed little specific information of this 
process in P malariar is available The 
same is true of the resulting mobile ookinete 
or vermicular stage 

Developing oocysts The developing 
oocyst is first seen as a clear oval or spheri 
cal body containing pigment located on the 
outer surface of the mid^ut Ilvlkemi 
(1920) found ooeysts measuring 5 iniera 
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mahn masses begin to appear (Young 
Stitfabs and Coatney I9i0j at Vi&icb tjme 
the parasite praeticalJi fiJls the host cdl 
Oceasjonalb precocious multipljcation of 
chromatin occurs so that quite y oung para 
sites shou mtiUiple masses 

According to Schaudmn (1902) the 
chromatin masses of P vitaj: increase by 
ouctear dinsion of a mitotic tjpe In 
studuBg the growth stages of P utalanae 
■ne have noticed seteral charactenstics 
which are not compatible wth the general 
idea of mitosis itTieu stained uith the 
Giemsa polj chromatic stains the neu bodies 
of chromatin do not resemble the ortgmal 
ehromatm mass The nen chrotnatm 
masses are often at opposite sides of the 
parasite and are much smaller than the 
original chromatin bodj which does not 
suggest mitotiu dnision Also the new 
masses do not stam as deeply or distinctly 
as the original mass which suggests that 
they do not arise by fragmentation 

Coatoev and iouag (1939) found that 
colchicine which arrests division at the 
tnetaphase m many types of cells had no 
effect on the diiisioa of P reUctum in 
pigeons which might suggest the absence of 
an achromatie figure 

Pawan (1931) using a modificatioa of the 
Feulgen nuclear reaction was unable to 
detnoiutrate thyiaonucleie acid la the nu 
cleas of P iitfli and P /alciporwm He 
coheluded that the uuclei of these malanas 
differ chemically from the nuclei of certam 
other protoma 

From these observations it seems that the 
chromatin of malaria differs m chemical 
composition and in method of formation 
from the ordinary nuclear stnjctar« 

By the 65th hour the host cell is com 
pletely filled The principal change dor 
tag this period is the increase in the number 
of chromatin masses to about five The 
pigment may increase and remaics seat 
tered throughout the cell 

Between the doth and 72d bi>urs the de 
fijijtne number of chromatm masses is 
formed With the appearance of the final 
number the cytoplasm begins to divide so 
that m the end each chromatm mass is sor 


ro-unded b% a small amount of cytoplasm 
T^esenen bodies are known as merozoiits 
During this process of segmentation the 
pigment is evtmded to the cleavage lines 
between the daughter masses of cytoplasm 
so that It often appears segregated m a 
radial fashion or it may be dumped m a 
mass which is often in the center of the cell 
tog-etfeer with the residuum of the cleaiage 
process A central mass of clumped pig 
merit surrounded by aymmetncally ar 
ranged meroamtes gives rise to the to 
sette arrangement characteristic of this 
species The number of inerozoites formed 
may be any number from 6 to 12 with an 
average of about B 

Coincident with the maturity of the 
asexual parasite at approximately 72 hours 
the red cell ruptures liberating the mero* 
zoites pigment residual solids and other 
metabolic products into the blood stream 
Tbis segmentation occurs m the V S Pub 
he Health Sen ice strain of quartan ma 
iaria beiweeii 9 00 Asr end 3 00 Plu 
(louiig et at 39-I0} Zn a synchronous 
mfeetioH all the parasites segment in about 
6 boure The period that the tnerozoites 
remain free m the blood stream seems to be 
very short for smears taken at the height 
of sponilation seMom reveal free forms 
According to hnowJes and Das Gupta 
(1930) the free ineroaoite phase is one hour 
in length In our opinion this seems to be 
a liberal estimate 

Immediately after segmentation ring 
forms can be found in the red cells Just 
hon the parasite enters the erythrocyte has 
not been described for tins species As the 
ti«g forms are about the same sire and 
^ape as the meroroites it seems probable 
that the ring forms ere dewed from them 
Hegner (1938) found that meroroites of 
p malanat invaded reticulocytes 95 tunes 
8S- frequently as mature red cells supposing 
both tspes were equally available On the 
other band Kitchen (19593) found rings in 
jn*t«re erythrocytes m both greater abso- 
lute and relative numbers than in reticulo 
cytes 

As yet there are few reports of an ero 
erythrocytic phase of P malanas Jeraee 
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established that F tiinlarwe requites the 
longest time of any of the human pirasites 
to complete its sporogonous c% cle A% uidi 
cated m the disenssion of the developmental 
forms the time reported for the complete 
de%elQpment of the extrinsic cjele in the 
mosquito vanes vndelj 

Kligler and Mer (1937) found il required 
27 dajs at 24 C and 24 dajs at 27" C to 
complete the cjcle in A eJu<i/s Iyengar 
(1932) found spororoites in glands after 
infective feedings as follows d ludloici 
var sundaiea 21 dais A sfepfiensi 10 14 
end 19 days 

Hylkema (1920) found the developmen 
tal period in A ludlouri to he 11 to 13 da>8 
De Buck (lOSa) found pUnds infected vnth 
aporoaoites in lo dava at 27 C and a rela 
tnehumiditv of 90 Mamc (1932) found 
8poro8oites the twent> fifth daj after feed 
int Marotta and Sjodio-lii (1939) m 24 

&&V8 

rransfer to Man After the aporotortea 
of P mafciriae pa s into the tissues of man 
bi the bite of an infected mosquito the 
development o! the disease usually requires 
a longer period than in the other species 
Knowles and Senior Wilts (1927) c>ve this 
as to 18 to 21 days Bojd (1935 1940) 
found the prepatent period of th« para 
sites to be from 28 to 37 dajs the parox 
} sms occurring a few days later De Buck 
(1935) found the intrinsic incubation 
period to he from 24 to 2i da>s in several 
cases XJKUallj the symptoms occurred a 
few days later Mer (1933) found that 
parasites appeared m the blood stream from 


26 to 31 davs after the bite of lufected 
mosquitoes Hjikeina (1920) ^avc 12 davs 
as the incubation period in a self inflicted 
infection However as he was bitten on 
successive da^s there seems to be some ques 
tion as to the aieuracj of this estimate 
Marotta and. Sandicvhi (1930) found the 
mcubatioQ period in two expenmentdUy 
infected patients to be 23 and 29 davs 

PuTsroixxsT 

This ts probabh the most neglected field 
m hninan inalarioIo?> with the result that 
verj little IS knotvn about the life functions 
of these important disease producers 

There are general statements that rest 
dues result from the metabolic processes of 
the parasites end that these when released 
mto the blood stream contribute to the 
paroxjsmal attack Then is little real evi 
dence to support this view There is still 
uneertaintv wliether the paiasites produce 
toxins at all and that if thev do these 
toxic prwliicts imtnte the paroxvsm 

< omes (1922) concludes that in P \ >tax 
and P muIoMof the pigment is formed by 
tbeactiMtv of the alimentftr> vacuole under 
the influence of the adjacent nucleus If it 
can be assumed that the mslanal pigment 
of P Inoiilesi and of the human parasites 
are similar it would appear from the work 
of Sinton and Ghosh (1934s and 1934b) 
Ghosh and Sinton (1934) and Ghosh and 
Nath tl934) that the pigment of the F 
mofome parasite originates from the hemo 
globin of the infected red blood cell by 
direct metabolic action of the parasite 
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about 50 hours after the inf^otne feeiUng 
i iie j>ij,nient was coirse De liutk (1935) 
totmd siuaU oocjstB after six dajs Mayne 
(1932) followed the dcteloproent m A 
l>iinchpcnni3 (at 72* P with 84 j)er cent 
fuiuuditj ) iH which on the fifth and sixth 
davs pigmented ooessts, measuring from 11 
to 15 micra were found 
Slant workers believe that the parastte 
spet les can be difTerentialed by the pigtaant 
in the jonng ooejsla Aotordmg to Ste 
phens and Christophers (1304) the joung 
ooctsts of P fflflfflnae have rather coarse 
pigment which tends to clump Oihbons 
(1933) beiieied that he could identifj the 
species of the oocists found in mturallj 
infected niosfputoes According to this 
author the P malariae pigment was dirk 
blown or black coarse and clearly \isibk 
tmgular rods usnallj 6 to 8 in number 
and oocawonallj up to 12 The pigment 
w IS irranged m a straight or curved line 
uv a I lump or rarely scattered around the 
ODt'bt On one occasion he found the pi^ 
merit to be light brown Christophers Sm 
ton md Covcil (293S) state that the 
jouUeer ootjsts are about the size of red 
blood corpuscles the pigment has a dmcuig 
nioveiueflt and resembles that seen la the 
gametocstes Thev descnbetl the pigment 
as CO irte end clumped tt was usually black 
but sometimes it was as light as m P max 
or micht have a greenish titioe 
Jfer (1933) followed P malanac through 
A cintus It 23~2G C After 12 dajs the 
00(1 sfs measured from 8 to 15 nucra the 


found unpi^niented matured ooevsts witli 
sporozoites nieasurmg 50 to 59 micra aier 
(3933) found ooc>sts up to 60 micra in 
diameter with active sporoyoites after 28 
dajs Iljikeraa (1920) found mature 
ooevsts containing sporozoites after 10 to 
11 days which measured about 50 micra 
Ife usM mosquitoes cauglit m nature and 
although he seems to hvve eliminated the 
profaabilitv of natural infectious this possi 
bility should not be overlooked 
Host workers have found relatively few 
oocysts developing after experimental feed 
mgs However de Buck (1935) found one 
exceptional A tnactiltpennts var alro 
parvua which had. about 150 oocysts 
The oov^sts do not develop at a uniform 
rale even m the same mosquito It js not 
surprising therefore that various growth 
rales of these developmental forms were 
noted m different mosquitoes under \ Bry ing 
conditions 

Spororoitfj IVhen fully mature the 
oocysts burst releasing the sporosoites mto 
the bodv cav iiy These forms then shortly 
invade the salivary glands 
Ker (1933) gives the following compara 
live sues for the sporozoites P max 8 
(micra T) P faicfparui/i 0 and P ma 
lanaa 2! ia the latter the ettremdies 
were more curved and the movements more 
active Jfayne (1932) found the wniform 
aieasurcmrtiE of around 200 sporozoites 
from the glands to be 13 2 micra 
Boyd (2935a) claimed that P malanag 
aporozofles are the coarsest ami had the 


pigment wss commonly distributed on the 
periphery The oocysts were trsusparent 
and eisdi ovcrJooJ ed Msvne (1932) after 
Jj days found a hcivily pigmented ooQst 
measuring 7 nucra m diameter After 12 
to 33 di\s at 23 C Ivlvler and Mer 
(1937) found oocysts m A duliu mensur 
ing 5 to 19 micra 

Stephens and Christophers (1904) say 
that the species of the older oocy sis (40 to 
CO iuicra) are vndistiiigiushable Tbw w m 
agreement with Hvlkema (1910) who slates 
that as the oocysts become larger the pig 
merit becomes finer ond then disappears 

On the twenty first day Mav-ne (3932) 


most diffuse cliromatin The diameter of 
the ebromatm was sometimes greater than 
that of the cyloplasrn The extreme van 
Ations in length were between 6 and 15 
aiicra The length was from 10 to 30 times 
the diameter Mhile he noticed vibratory 
movements of mawes of sporozoites in 8nul 
preparations of the stomach he never ob 
served any locomotive motilitv m unfixed 
preparations from the glands Idcntifiea 
tion of the species of sporozoites on tnor 
phological grounds he believes would be 
unreliable Christophers Sinton and Covell 
(1S36) coocar in this opinion 
ZcHg/ft a/ Ctjclc »« Masqmio It is well 
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2-6) Eventually ho^\e\er if the parasite 
IS destined to reproduce aseviiallj the chro 
matiu disulcb tuice and finally into many 
small masses and in the latter condition 
IS geiierallv Known as a segmenter tig 7 
shows m immature schizont and Pig bone 
almost eoinpleteh mature The joung 
parasites produced as a result of the mul 
tvple diMsiou process are known as inero 
zoiles The number produced by a single 
segmenter (Fig 9) series between 12 and 
24 with an asernge ot about 16 It is prob 
able howe\cr that both the range and the 
a\era?;c may \atj tor it has been shown 
that different races of plasmodia exist 
witlmi a species and also (in aiian mala 
rias) that larger numbers of merozoites 
are produced bs segmenters early m the 
course of an infection than are produced 
later (James and Ciuia 1938 BojdlWOi) 
The schizogonous cj cle requires 48 hours 

Sporogovols Crete 
(In man) 

Most of the merozoites enter other red 
celts cind repeat the process of growth and 
reproduction There are some howeier 
which grow but exhibit no eiidence of 
nuclear diiision and the-ie are the sexual 
slaves or gimetocites The forms can be 
di'.tmeiushed from reproducing forms of 
similar size by the presence of a single mass 
of chromatin w hich in the female or mai ro 
gametocyte is compact and usually silua 
ted near the margin of the parasite In the 
male or microgamelocyte it is more dif 
fuse and stains less intenseh The eyto 
plasm of the female forms takes a deeper 
blue color and contains larfcer and more 
numerous granules of pigment than that of 
the microgamctocste In both mnle and 
female cells the pigment grannies are scat 
tered m contrast to the asexual parasites 
The cytoplasm of the microgametoeyte nsn 
ally takes a relatnely pale bluish tint but 
It may also appear a marked purple or 
lilai (Craig 1928 quoting St John) 
"When the cytoplasm stains m this way it js 
quite possibly because of greater maturity 
Oameto yte^ of both sexes are shown m 
Figs 11 and 12 They are unable to de 


aelop further unless ingested by a female 
mosquito belonging to the genus Anopheles 
The distinguishing characteristics of the 
species and also of the different stages are 
tabulated m Table I 

T\BLB I 

DiSTIVCOISniSO ClIlftlCTERISTlCS QT 
Flismodiuu VITAX 

(u Itominowiky stataed preparations) 


Characters per 
taloiog io 

j Spec es character 


Usually larger than falctfa 

1 runv smaller than truiloriae 
stages other than rings also 
' proseot 

TtOphOMites 

Markedly amoebo 1 in appear 
ante str p like or band 
shaped forms seldom lein 
present in peripheral blood 

Scbizont 

Larger than in other spec es 

1 and preaent in prnphera] 
blood. 

bumber «f mero 
tottc* per leg 

Oamelocytn 

1 -"i average about 16 

IficroganetorTte 

Rounded larger than in iM 
tariae Bmaller than female 
form nucleus diffuse ud 
often marginal cytoplasm 

1 takes pole bluish stain (or 
may appear 1 lae or pur 
pic) pigment scattered 
' granu es appear as ahort 

MarrogametoCyte 

1 

Rounded larger than mod 

1 lanar Large than male 

1 form nucleus more compact 

1 and often marginal cyto 

1 plasm stnins a deep? blue 

1 pigment seatte ed and more 
abundant than in mie o- 
gametocyU g anules appear 
as longer rods 

Fffect on host cell 

Markedly enlarged part ally 
decolorized (especially in 
unstained p eparationst 
Schuffner a dots usually 

1 pres nl 


Ideatilicat on ennaot usually be safely at 
tMnpted from the rings alone. 


At this point the question as to what 
determines the fate of a kitea merozoite 
may well be asked Why do some give nse 
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Op tlip three generalh recognizeil species 
of fcuRjan malaria Plusinodmm max is bj 
far the most witJespread and probably ac 
counts for the majorjtj of cases of malaria 
uifeetion It occurs 01 er a large part of 
the tropical subtropical and temperate re 
gious of the earth and mai be regarded as 
perhaps tJie roost important of all the 
ctnses of disease to schich man is heir Thus 
ll is this species which is Krgelj respon 
sible for Osier 3 (3D23) statement that roa 
hria would probahl' besoted the greatest 
single destroyer of the liumau race bj 
tliose who know most about ilisease al 
though It IS not the most death dealing of 
the three It t$ howeser the cause ot an 
mfeetion which is both chronic and dts 
abhng and w Inch at an> one time is respon 
fcible for millions of cases of illness Just 
as this IS true todaj so we can be quite 
aure that it Iia> been kince before the dawn 
of recorded histori although at facilities 
for human tr'isel base increased the range 
of malaria has no doubt increased also 
In view of the importance of malaria it 
is rather surprising that the three laneties 
of the parasite were apparently not clearly 
separated until Golgi did so iit 1885 He 
discovered the relationship between the 
8 v raptomatologi and stages m the repro- 
ductive ejele of the parasites and soon 
afterward (1886a) found that the parasite 
of tertian raslaria differed from that of the 
quartan varietj The species name vinw 
was proposed bj Grassi and Feletti in 1030 
In t)jis paper tlie morpliology and what is 
known of the plijsiologj of the tertian 
malarial parasite will be discussed 

MoppiiotooY ScnizooovoTJs Ctole 
T he appearance of the Jniag parasites 
prei^ents nothing of great interest and tl is 
no doubt for this reason that the) rcTuamed 


so long undiscovered The younger forms 
appear as small hyaline areas or simulate 
vacuoles in the erj throe) les which as 
growth of the parasite takes place soon 
e-xlubit gfaHules of yellowish bromi pig 
ment (hemozoin) Thev also show a very 
active amoeboid movement and this pecu 
han^ suggested the name titox As the 
parasites increase in size howev er this 
movement becomes less perceptible until 
it aimost ceases 

Malarial parasites are however geuer 
all) stodied in stained preparations the 
method used being some ajodification of 
that devibcd bv Roioanowsk) The most 
cointnonl) used slams are those of Giemsu 
or Wright When thm blood smears are 
atained b) one or another of these meth 
ods the 5 oiiiigest pamsites appear as mt 
nute masses of rather heavil) stained pro- 
toplasm (P)g 1 ) in which there is rela 
tiicl) htUe diffecentiBtioQ of ehrornatm 
and cv toplasm The former usually ap 
pears mUlish or some shade of violet aad 
the latter has a bluish tint In older para 
sites the differentiation is more marked 
After entering another erythrocyte (sp- 
parentl) m this species the jouag parasites 
prefer wticulocjtcs — Eaton 1934, Jacobs 
thal 1936 Jvitchen 1938) the parasite 
soon develops a central vaeuole which 
gives it the appearance of a ring on the 
penpher) of which the chromatin appears 
os a amall granule or sometimes as two 
STSorules Rings of the latter sort have 
been interpreted as evidence of the occa 
sional occurrence of binsrj fissio® (Beach 
1936) not oni) in this but la other species 
of parasites both human and avian These 
nog shaped parasites ma) take on a great 
varietj of shapes as they increase in sue 
with their pseudopodial processes extended 
here and there throughout the cel) (Pigs 
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to more reproductive forms with the re 
suit that in certain individuals the infec 
tion mav persist for three 5 ears* or even 
longer when others exhibit no capacitj for 
reproiluction at all and develop into game 
tditesT 

(jAXIETOOENT 

This fpiestion cannot be satisfaclonly 
answered at present but Bojd (1935b) has 
made avv vuteresting aUidy which maj 
throw some light on the problem He be 
lieves that parasites occurring in the blood 
mav be divided into five aeries differing 
itiorpliolo^icallv m minor vvaj s Prom one 
scries into whnh most forms fall come 
meroroites of three types Onetvpe which 
i» produced in the largest numbers w des 
lined to go on and repeat the reproductive 
c'cle The two other types also go through 
the process of schirOaOny but the mero* 
zoites they produce become tain toevtes— 

lit 18 bel eved t1 t vitu mfe«t oni do aot per 
lut more t> a tli co year* in <] fault of fr« h infe« 
ton eren wl n untre tet F c(pt onally the; may 
poiBilly p r8 t lo ge 


3i 

the male forms irising from one tvpe and 
the female from the other The develop 
mental stages of each of the latter ttiahe up 
the other two senes Fig 19 is taken 
from his paper but with some changes to 
indicate the relationship of the series to 
one another It may be noted that although 
parasites of the different series differ some 
what m morphology all of them require 48 
hours for matur ition ’ The factors which 
cause certain meroeoiles to dev clop m one 
direction rather than another still remain 
however quite obscure 
* Ib this legiird Boyd 8 eoaclusions are not in 
accord with the generally accepted belief that 
gametocyles require 96 tours for decelopment 
Boyd also Mpresses the op nion that th sexual 
forms probably do not lire more than 4 hours It 
IS d ffieult to dense experiments to detcrmino ex 
actly the life of the sexual forma but it hai been 
tliought that they I ?e eooiideratily longer thaa tbu 
It IS also vsually stated that the gametoeytes go 
through a large part of their derclopmcnt m the 
eapUlaries of tfo eplcen and bone marrow (e/ 
Wenyon 19 6 ManeonBaUr 1931) Tlw telvtiun 
«b p of the gametocyti to forms belonging to the 
pigiDcnt fr e evele la olso a p oblem 1 bich may need 
future in cstig^t n 


E\eL*s»Tios or I lat* 1 


I A very you g pi aite 

A eonenh t lie form The eharacterut « pteudopodial processea are verv eridcnt 
3 A t opi oto te of mode ate a e The eotargement of the host cell nl b is inrariable nitb th a epeetea 
u already ev d nt 

t K iropl oMine at nug the large vacuole which tcry frcquonlly charncte itea growing parasites of 
th a apcciei 

5 Hero the v icuole gives the pa as te tic appearance of a large ring Bmaller nogs n e also very 

often seen In t> s paras te sad also in those shown in tigs 4 and 6 tbo th 00 grasjle 

which according to Boyd are ehsracteri t e of forms destined for ordinary sch ogony may 
be sien (Sei 6 lies A. in Tig 19 Plat* W 1 

6 A large trophoio t exhib t ug consp coons pseudopodial processes 

7 A young sch zont in wl ch the nuele a has divided one*. 

8 An oH r scbiuint The two chron atm masse on the left are in division. In the orig nal prepara 

ton tie d vision figures we very eJear and resembled ap ndlea althoufU nothing having the 
nppea aae« of cheonosotne eoisH be seen 

9 A niatu e schiiont contamiag nppa ttitty 1 meroioitto Si te n is gcneraily rega del as the lyp cai 

10 A tropho 0 te probably destined to become • gametoeyte TJ e Schuffne a dots are verv consp cuous 

II A m oglmct cyte bote the ratber sm U and compact nucleus 

I* A m crog raotocyte nest to a scbi out Th* I go and celauvely d ffusc nucl o is cry clear 

13 A m c ogamete 

14 Sporoao tee 


15 Vf Mco te within the salivary glands of a »o qnito Careful ol ser tlon will 1 o« ectcral w th 
a d vid d n rlcua (md cated by arrow) 

Magmflcition in F ga 1-10 1 15 i« "000 d ameters in Figs 11 13 14 t is 700 diameter 
Figs 11 13 and 14 a e f mm croph (ographa by Dr M k F Bovd to wh m the author desires 
to ei{ rr*4 1 « apf f ciation for the r e P g I8 is copied from one of D Povd a pi ot graphs TJio 

oth 1 are from tl « aufho own preparsl oas and we e made by 3Ii*» St lU 7 minet of th Dep rtment 
of n c logtapl r Ryracu e Un ersity Medical Bchool 
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lirrosis 

Aiiotlier question which maj he asked 
coiKcrns the ineclianism of di\ision Is it 
mitotic or otherwise! This is also still an 
unsettled problem although Schaudinn 
main \ears vo (1902-03) descnbeil a 
modifieil mitosis in P oiiax Seseral other 
authors (f fir Isatm. 193o 1937) base made 
the same claim since Unfortunately how 
estr mdlirial parasites are difficult to 
stain witli dves such as hsematoxyhn and 
the (lyes ordmanlj used do not „i\e re 
suits oOod enough for careful cjtological 
study particularly svhen the preparations 
base been mule from air dried smears 
Obsionsh the sers small size of malarial 
parasites (espeually in sections) adds to 
the difficulty In this connection reference 
mas be made to studies on the Peulgen re 
aitiou ot the malarial parasites particu 
larlj those of Pasvan (1931) Jirosec and 
Cerny (1932) Breindl and Jirosec (1932) 
and UngoMugdin (1933) Pawan found 
that thymonucleic acid (nuclein) was ab 
sent thus differentiating the malarial pira 
Bites from most other protozoa Breindl 
and Jirosec demonstrated the presence of 
this form of nuclear chromatin m dniding 
forms (P falcipnnim) and sporocjsts 
and sporozoites (P relic(nm) while Ungo 
5ilu,.dm found the leulion sljghtU 
positise m siluzonts and strongly positive 
in exoerytlirootic stages of P galUna 
cam "Wlnle these results do not agree 
thej do suggest that the nucleus of the ina 
laiial plasmodia mas be different in nature 
from that of other protozoa during much 
if not all of the life history and perhaps 
the diffieultj sMth which the parasites take 
onlmars stains is due to this fact 


Effect of Parasites on Host Cell 
There is also tne matter of the way in 
which parasites of the species under con 
sideration affect the host erythrocyte and 
the ciuestioQ of whether the plasmodia are 
within or on the surface of the cell It is 
now almost uuisersallj believed that they 
are intracellular and all that is known of 
the behavior of the parasites is consistent 
vnlh this view Ratcliffe (1927) showed 
that when very thin sections were made of 
clots ot parasitized blood the parasites gen 
erallj appeared within the celt boundaries 
and this vras true not onlj in the case of 
Plasmodium max but of P falapanitn 
and P praecoz (rrlictum) also Addi 
tional evidence for this conclusion is the 
fact that the anti malarial drugs of proved 
value seem to possess a favorable partition 
coefficient m all cases in which the problem 
has been studied (Heguer Shaw and Man 
well 1928 Shaw 1928) Thev are m other 
words aubstames which are capable of 
selective absorption bv the red cell 
The effect of the parasite on the cell 
which It invades is pronounced and ver> 
characteristic in the case of P max Even 
while the plasmodium is still small there 
often appear the well known Schuffner s 
dots HI the cytoplasm of the host cell (Pi„ 
10) These are chromophilic particles 
vrhich take a reddish tint when stained by 
Giemsa or one of the other Romanowsky 
stains What the nature of these dots is 
remains uncertain but it has been sug 
gesteil that thev are of reticular origih 
perhaps arising from basophil granules 
In an> case they are found onlj in max 
infecteil erythrocjtes although they may 
be occasionally absent It is said bj some 


>x>a.vN TioN or Plate II 

IG Sc ernl owjats on the gut wail of a raoequilo Uagn fication 1 00 diam lets 

17 A null u I itei l>odT fo d > i a bo o ■ arrow amejr of the stern m of a patient Infected with 

n hi vnor Thi and the foU wing fig re are red awn f om Eaffaele n937)^who 
nt prctel tl em as p gment fre f geo correspond og to tho e pror ously found iti va ous 
spec es {a amal a He sV Ves VliaV Vher oetn red m cells ot the reticulo-endothelial svstem. 

18 Too yo ng t opho oites n a r f loeodoth l 1 eelL 

IP Thu seh ma eh ws the relat nsl p of the five sen s of p a itea belong ng to the eirtbrocTt c cycle 

acc rd g to Foyd ( ISSob) The i d r do I figo es have b n red w from those of Boyd and 

ind cate the ear ous types of nude cha aeter *mg the pa asit of the d fferent cues The 
arrang ment and tl e d agrammatic fig es of ehuonts are the author s 
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authors that when they are not seen tlie 
fault IS with the staining but this iv cer 
tinil} not alwajs true 
A second change in the host cell is a werj 
considerable enlargement which becomes 
apparent even while the parasite is. still 
ielat\\«‘l> small and msv contimie nntil 
the normal size is doubled (Fi 3) Along 
with the inurea.se in size and the appear 
anee of the Schuffner s dots is a progres. 
sne decoloration These three changes in 
the infected red cell are diagnostic of in 
feutions with P iu»7x A fourth peculiar 
itj of this species is the relatively lighter 
shade of brown exhibited by the pigment 

Sporooonovs* Cycle 

(In mosquito) 

As m the case of the other species of 
human parasites the final or definitive 
host IS some species of anopheline mosquito 
In the mosquito onlv the gametocTtes can 
survive the processes of digestion and 
these begin the changes known as matura 
tionverv soon after ingestion Darling be 
Ueved that at least 12 gameiocyles per 
cubic millimeter must be present in the 
blood to make the patient infectious for 
mosquitoes but others have found that in 
feution maj take place when there are 
fewer than this (Craig 1923) It » a re 
markable fact that even in uisnsceptible 
species of mosquitoes maturation of tlie 
gametoevtes can apparently take place 
and that it will also take place tn tt(ro as 
tor example under the microscopie Indeed 
It was the observation of the phenomenon 
known a* exflagellation or microgamete 
formation which convinced Laveran that 
the pigmented bodies he saw m the blood of 
malarious persons were in reality parasites 
\\hat the factors are winch ^.oveni this 
process are still very incompletely known 
but the work of Jlarchoux and Cbonne 
(1931) on maturation and fertilization in 
ifemoprofeMs paddfic suggests that the pH 
of the medium is the controlling factor 
and that this in turn is primarily deter 
mined bv the amount of carbonic acid pns 
ent The process in this parasite is stopped 


by a pH o! 7 3 or less but proceeds nor 
mally between a pH of 7 6 and 9 0 

Mitnration of the microgametoevte in 
solves the production of from 4 to 8 mi 
nute flagellated bodies winch are then 
known as micro^ametes (Fig 13) Raf 
facie (1939) has described the process m 
some detail and states that each micro 
gamete consists of two elements a cyto 
plasmte flagellum and a thin filament con 
taming the fertilizing chromatin These 
generally adhere for their entire length 
W hen maturation is completed all that re 
mams of Uie parent microgametocyte is a 
small amount of cytoplasm and chromatin 
with a mass of pigment The entire proo 
ess IS easily observed under the microscope 
and will usuallv take place withm a short 
time after the blood is drawn (often m 10 
to 20 minutes) Flagellating suicrogame 
tocvles are recognized by the violent dis 
turbance which the developing gametes 
cause as they endeavor to leave the parent 
cell 

The changes involved in the maturation 
of the roacrogametocyte ate no doubt aa 
profound as those just outlined but they 
are less dramatic and less carefully worked 
out After rupturing the wall of the host 
erythrofyte the gametocyte becomes 
rounded and it is said to throw off one or 
two tiny masses of protoplasm which are 
generally supposed to represent polar 
bodies Sohaudinn studied the process in 
P max and also believed that he saw par 
thenogenesis of the macro^ametocyte but 
m tins he was quitp certainly mistaken 

Fertilization takes place when matura 
tion IS complete and the zygote (or ooki 
nete as it is now called) makes its way by 
worm like movements into the intestinal 
epithelium Between the epithelium and 
outer wall of the gut it becomes rounded 
and IS soon seen to be surrounded by a cyst 
wall All this may require from 24 to 48 
hours the time for these and subsequent 
changes depending chiefly on the tempera 
tiire * It IS said that for P max the op 
timum temperature for development in the 
mosquito IS 25 C although development 



SIAliA^A 



This plitc IS inteiided to show the reIat4oiisIups of d ffmnt stages n tho lifeeycle of J* t taj: The 
figures are taken from Tsrious sources espee ally Boyd (193Sb) ^chaud nn (190 ) and Raffaele (1937) 
The 8Cl ema is d ffcrent from tl e conTentionnl one m that it includes the five senes described by Boyd 
(1935b) as occurring in the blood of man and the p gmeut free stages des nbed by Raffaele (1937) 
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certain ^peeie-s) after parasites have largely 
disappeared from the blood "^e maj 
therefore belie\e that the exoerythroe>tic 
cvcle maj be originated from the sporo 
zoites ® and that it maj continue presum 
ablv at a low level and possiblj plaj a part 
in the genesis of relapse (Schuleman 1940) 
But there is also a strong possibility that 
even in those species of avian plasmodia in 
the cycle of which it occurs most regularly 
and can he most easily demonstrated the 
occurrence of exoerj throe} tie schizogony 
ma} not be a usual thing but dependent on 
a relative failure of the immune mechan 
ism As such it may be chiefly significant 
as an expression of what might be called 
the biological potentialities of the parasite 
and as an indication of the close relation 
ships of the malarial plasmodia to the 
Hemoproteidae If this is true we may 
have to look still further for stages bridg 
ing the gap between the sporozoite and the 
forms seen in the red cells 


PHYsrOLOOY 

It IS more difficult to give an account of 
the pb}siology of the malarial parasites 
than to discuss their morphologv Th«'» is 
largely because there is still no practicable 
method of cultivation although the method 
deviled by Bass and Johns (1912) makes it 
possible to maintain the parasites for a 
limited time »n tilro The fact that the 
addition of dextrose is required for such 
cultures suggests that the parasites need 
this substance for their vital processes pre 
sumably as a source of energ} Further 
support for this belief roav be had from the 
work of Chnstophers and Fulton (1939) 
and Fulton (1939) in which it is shown 
that the addition of dextrose to the medium 
causes an increase in the oxygen consump 
tion of P knou-lesi They also found that 
a number of other sugars (including laevu 
lose mannose maltose and glycerol) were 
» Altho ga t is of cour e necea ry to rapptne 
that wliea e oerjOirocyt c atages occ they nnist 
anse d rectly o induectly f om the aporozo tea yet 
It 1 now qu t ce ta a that they may alao oiigmate 
from the p gmented fo ma oecu ring a the ei^ro 
eytea (Coul ton and Manwell in p eat) 


utilized hj the parasites and the} remark 
that all of these have a common chemical 
gronpinc in their molecule which does not 
mclude a ketonic or aldeh}die group 
They found no clear evidence of the phos* 
phorvlation of dextrose m knotilesi infee 
tions in monkeys Whether an} conclu 
sions appl}ing to the parasites of human 
malaria can be drawn from such expen 
ments is somewhat doubtful We can be 
quite sure that with the factors which make 
the different species distinctive in jnorphol 
ogy and host go others no less real making 
for similar differences in physiolog} An 
example u the demonstration by Coggeshall 
(194fta) that the oxygen consumption of P 
knotiltst 18 SIX times as great as that of P 
tniii Such characteristics as these are 
probably important m interpreting the 
effects of therapeutic drugs 
Apparently the globin fraction of the 
hemoglobin molecule is also utilized by the 
parasites for hemozoin or malarial pi^ 
roent seems to be derived from what re 
mams This substance seems to be ver} 
similar to or perhaps identical with hae 
matin (Sinton and Obosh 1934b Ghosh and 
Nath 1934) The formula of haematin is 
variously given but C»»H N.OiFeOH 
may be taken as at least a close approxima 
tion Since however the color and form 
of the pigment produced by the different 
species vary somewhat it is probable that 
the composition is not always the same 
The work cited above was done with P 
ktiou.lesi a species of monkey plasmodium 
and IS probably more significant than most 
such investigations previously made be 
cause the pigment was extracted directly 
from the parasites rather than from tissues 
and because it was not previously exposed 
to the action of fixativ es 

There is as yet no aoreement as to 
whether there is anything in the nature 
of a toxin produced by any of the spe 
cies of malaria parasites The pathological 
changes characteristic of malaria can for 
the most part be quite easily explained on 
other grounds 

The problem of the effect of the parasite 
on the host is to a certain extent tied up 



MALAm 


roaj go On slowly e\en at 15 5 ” C * Growth 
now begins and the oocjst (Pjg 16) mal 
tiplies its size maiij times reaching a diam 
eter of 50 miera or e^en more Micro 
scopicallj the chromatin ma\ be seen to 
dmde repeated^ until by the time matar 
ity IS reached there are almost conntless 
fragments Eaeli of tiiesc then appro 
priates so to speak a bit of cy toplasm and 
the Vihole oocyst breaks up into minute 
elongated forms known as sporozoites 
These are set free m the body ca\ ily of the 
mosquito but eteutualh some of them 
reach the saJnar) glands and are then 
ready to infect a neu host The sporo 
zoites resemble the microgametes somewhat, 
but do not possess a separate flagellum and 
often appear to haie a nucleus made up of 
8e^eral masses of ehroroatm (Pigs 14 and 
16) There tnaj be one or many oocysts in 
a single mosquito depending on the num 
ber of gametoeytes m the mge ted blood 
so that the number of sporozoites produced 
ma^ be extremely lar^e Yet there is no 
reason to think that the malaria lafection 
appreciably shortens the life of the m 
feeted mosquito 

The subsequent history of the sporozoite 
IS still in doubt for it is now quite certain 
that It does not enter a red cell immediately 
after reaching a new host Gordon and 
Lumsden (1939) studied the mechanism of 
biting m Culex mosquitoes and found that 
blood might be taken either from a pool 
resulting from injury to adjacent eapil 
lanes or (more often) directly from a 
pierced capillary Saliva from the mos- 
quito was injected at intervals during the 
feeding so that contained sporozoites 
would probabl^ be ejected directly into the 
capillaries and carried to remote situations 
very quickly Boyd and I^jtcheo (J939) 
confirmed this conclusion in indirect 
fashion when they found that even inime 

»Tlie tune required for ttie coiuptetion of lluit 
part ot tfie cycle occurring in the jnosquito i» limn 
one to t’RO w cka w the ease of P tiioi 

* Stratmn Thomas (1940) states that it «in 
tiot go on at temperatures above 30 C and that 
24 hours at 3 6 C wiU sterUue nearly all alaoj* 
fits qua^nmMlalus He also says that in aome 
regions oocysts might survive the mater 


diate excision of the tissues about the area 
bitten failed to prevent the development 
of malaria later Further the blood of 
persons bitten by vivas infected mosquitoes 
has, been shown by Raffaele (1937) to be 
non infectious to other pereons until after 
the fourth day and be made similar obser 
V ations m the case of P reUctum That the 
sporozoites might go through further db 
veJopmental stages was su^ested by 
Knowles and Basu (1935), as a consequence 
of the observation that these forms often 
showed evidence of division while m the 
mosquito Slissiroli (2934) showed that 
the sporozoites of P relictum mav pass 
through several divisions after injection 
into the canary and recentlv Schuleman 
and Spies (1940) have shown this to be 
true ot P ffalUnaceum also 'Whether still 
another stage intervenes m the cells of the 
reticulo-endotbebal system before the ery 
throcytes are invaded ts still a matter of 
controversy, and the answer may well be 
different for the different species of plas 
modia 

The Po^iDiLiTT or an ExocRTTmtocrrio 
Ctcle 

■When pigment free stages were first dis,* 
covered in certain of the species of avian 
malaria it was thought that similar stages 
might be found to exist m some or possibly 
all of the other species of plasmodia mclud 
ing those of man and as a result an ener 
geiic search has been made by a number of 
investigators So far however, esoety 
Ihrocy tic stages have been reported only m 
P max (Baffaele 1937) (higs 17 and IB) 
and P falcxparwtn (Casini 2939) while 
their occurrence in these species has not 
Ken confirmed by others Raffaele inter 
pceted them as forms derived from the 
sporozoites and believed that they gave 
rise to parasites of two series the one an 
unpigmented senes occurring in cells of 
the reticulo-endothehal (lymphoid macro- 
phage) system and the other the familiar 
erythrocytic senes Casini s observations 
were made on a chrome case In birds such 
stages are usually seen during the acute 
stage but may also be seen (especially in. 
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The schizo^oiious and spoiogonous cjcles 
of this parasite are depicted in Pig 1 
Reproduction of this parasite is sceom 
plished in two waja either hj an asexna) 
or bj a sesual process There is no accepta 
ble proof of the occurrence of binar> fission 
or parthenogenesis amoiie the malaria plas 
modia 

ScmrOGOhoUb Cycle 
Asexual lepruduction of the plasmcKlinm 
occurs tbroUeli schuogonv m the lutermedi 
ate host man This ttpe of multiplication 
insohes repeated dnimon of the nucleus 
with diMsion of the cytoplasm about esch 
daughter nucleus Following ielea!>e of the 
merozoites or daue.hter cells those which 
sunne attach themsehes to erythrocytes 
and develop m the peripheral circulation 
until thes are somewhat more than half 
grown Thev then accumulate m the capil 
lanes of the viscera and here undergo schi 
zogony Thus less than half of the schi 
zogonous cycle is spent m the peripheral 
cirtulation and the parasite may go through 
an indefinite number of such asexual cycles 
Tropho oxtes The merozoites thejonng 
cst forma of this aeries seldom m oar e\ 
perience find their way into the peripheral 
-i'.ws'aV/OT* snt vn/hWvt Vrnai yti ‘liie 

other speties and usually exhibit no saeu 
ole their diameter hardly ever exceeds one 
micron and generalh it is less than that 
Tiouno ring forms are usually the first 
to be found and it is these that are fre 
quently characteristic of this species of plas 
inodium They are often quite delicate in 
appearance the cvtoplasm consisting of a 
slender circle of blue cytoplasm (Wright or 
Oiem'sa stain) sometimes so fine that it can 
barely be seen enclosing a vacuole The 
chrorastin too is commonly characteristic 


It mav be present as a small red dot which 
nppears to be pi iced upon the ontei surface 
of the riiij, On the other h ind it mav t ike 
the shape of a smsll red bar bent or 
strair,Ut the thickness of which is greater 
than that of the thread lil e i vtoplasiu Not 
infrequentlv the size of the dot lioviever 
sppears quite out of proportion to the sleii 
derness of the bind of cytophsm Often 
(and praiticnllv diagnostic of Ibis species 
when 1 resent) the cinomstm is mnltiplv 
represented bv two oi more small dots 
which nny lie <l«selv together or on oppo 
site sides of the sm ill hue (v toplasiiiiL rin„ 
Chsiacteristic ilh too is the common obsei 
vation of two or more possiblv ns inanv is 
five or SIX rings in one ervthroivte Not 
infiequently these vouiig forms are toiiiid 
asitseenis applied to the iirtunifuciuc 
of theervtlirocy te so th it one mav sie iii the 
stained smears only a sliort thm stroal of 
blue cytoplasm seemmglv Iviiv on tlie 
penpherv of thi red cell ind surmounted 
by a red dot of ihroinatm hence the terms 
aciolc 01 applique OcLasionalh the 
thread ol cv toplasin w il 1 be seen to be looped 
over ail indentation in the outline of tlie 
ervthrocvte Siiili aiipeainnces n tiirallv 
raise the perplexing qwestmn ( v l«n„ stand 
mg but still xinsettled one) as to whether 
•ytratqt qiwtSTvAvs Tin: fiAia in i'a'itu 
torpustniar V vacuole is not evident m 
these forms As the parvsite grows one 
notues a thickening of the evtoplasm wbith 
usually takes plai e first almost opposite the 
position of the chromatin dot ^^lth the 
increase iii size of the parasite the amount 
of cvtoplisin increa es and tlie wliole ring 
gradually thi<.keiis though not iiecessnrdv 
symmetricalh Too with the iiicresse in 
amount of evtoplasm irregularities in the 
shape of the parasite become appirint 
The originally almost perfeetlv spherical 
41 
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with the effect of the host on the parasite 
The immunolog} of the malarial organisms 
will be discussed elsewhere but it maj be 
pointed out here that so far only man has 
been found susceptible to P viiax although 
there are \ery similar species occurring in 
monkeys and some other mammals What 
the factors are in the physiology of host 
and parasite which make for so strict a 
host specificity would make a aery interest 
mg study but are so far quite unknoim 
Some of the most significant of the re 
cent work on malaria has been concerned 
with the factors responsible for the remark 
able periodicity exhibited m the asexual 
cicle by many of the species of malarial 
plasmodia It was shown first from work 
on birds and later by similar experiments 
on monkeys (L Q Taliaferro 1928, O H 
Boyd 1929, L 0 and W II Taliaferro 
1934) that diurnal variations m the physi 
ologj of the host somehow cause tho para 
site to sponilate at certain definite times 
When the length of the day is artificially- 
changed the length of the cycle of the para 
site soon exhibits a corresponding change 
It IS of course obvious that there is some 


thing in the genetic constitution of a given 
speiies of plasmodium which determines 
the way m which it will be affected by 
sanations in its environment caused by the 
metabolic activities of the host and thus 
we liave illustrated the very delicate and 
intricate nature of the relationship winch 
exists between host and parasite \\e may 
feel fairly confident though of course we 
cannot be sure that the human species of 
parasites including P tiiar, would be 
found to exhibit similar changes in pcrio 
(licity with a similar alteration in condi 
tions It IS stated by Hewitt (1940) in his 
recent monograph on bird malaria that 
Young Coatney and Stubbs (unpiib 
lished) have found that periodicity mav be 
reversed m P malanae infections by re 
versing the hosts period of rest and 
aclivitv On this point as on manv others 
we see that more research is needed It is 
indeed a rather remarkable fact that so 
many problems of fundamental importance 
relating to the malarial parasites of man 
remain unsolved especially when we re 
call the place of leodership among human 
diseases which malaria holds 
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zoites witVidrd'w from the peripheral circo 
]ition M‘^^(hlafa^a anil Bignami (18M) 
remaiked on the tendencv of the adult 
forms to accumulate in the internal oi^ns 
Some authors hue ohsrrveil a tendencj of 
the infected eri throcjtes particularlv those 
eontauiin„ older ring forms to adhere 
both to one another and to the \ascDlar 
endothelium To this characteristic Thom 
Ron and Robertson (1935) attributed the 
lolleition of the infected cells in the inter 
nal organs Marchiafava and Bignami 
( 1901 ) considered that such aggregation 
was due to loss of elasticity ot the mlected 
red cell uith eonseiiuent irre^iilantj of the 
surface resulting in difficults m trasersing 
the Cdpilhrj bed On the other hand m 
fected erithrocjtes do not get held up m 
the cutineoiis capillaries so that there may 
uell be another factor invohed of which we 
are not set aw ire At auj rate it is pre 
sunnbli in the sisieral circulation that 
schizogonj 01 curs sswerarel> see evidence 
of It in the periphernl circulation In fatal 
pernicious forms of falciparum malaria 
with for example cerebral mvoUemeiit it 
IS common to dnd ill stages of sehizogon> 
in the cerebral capillaries which may be 
blocked bj infected erjthroeytes 
With further development the parasite 
tends to become more comp wt and the chro 
matin becomes more eentrallv located al 
though the latter is usually not m a compact 
mass but on the other hand assumes very 
irregular shapes Much less of the vacuole 
IS evident and soon none remains 
In smears from a falciparum infected pH 
centa we have observed a very compactly 
formed stage evident!} just prior to the on 
set of schizogony ITiis form is no larger 
than the oldest rings one sees in the penph 
eral circulation It has no vacuole and its 
more or less spherical area appears about 
equal!} divided between chromatin and 
cytoplasm }et it contains a mass of pig 
ment the area of which mav be a third as 
large as that of the cvtoplasm 
Typical of the schizogonous stage in this 
species IS the tendency of the pigment to 
form one compact mass This is evident 
when only one division of the chromatin has 


taken place and such a block of pigment is 
most usually situated eccentrically even 
though schizogonj maj be complete The 
chromitin masses of the verv }ounB schi 
zonts are notablj irregular in shape and 
size and cjtoplasmic divisions are not evi 
dent It IS not until schizogony neirs coni 
pletion that some semblance of uniformit} 
appears The mature schizonts of P falci 
parum are characteristically smaller thin 
those of P malariae some have been ob 
served that did not occupy more than a 
quarter of the area of an erythrocyte Oe 
casioually more than one segmenter ma} be 
found in a single red cell 

Gametocytes Although i variety of 
shapes maj be met with the falciparum 
gdmetoc}te most frequently has the con 
tour of a sausage and it is unfortunate that 
it was given the name crescent As a 
matter of fact a crescent shaped gametocyte 
Is reiativeh uncommon and the shape of 
the mature stage is rarely rounded as is the 
case m the other species This latter fact 
convinced some observers that P falci 
parum ought to be placed in a different 
genus designated Laierania Majority 
opinion however is probablv against its 
segregation on the basis of a differently 
shaped gametocyte 

Characteristic of this species of plas- 
modium 13 the fact that not only does it 
undergo schizogony and sporulation in the 
internal organs but also for the most part 
the early stages of gametogeny 

Because of the wave like release of gam 
€toc}tes into the peripheral circulation 
usuall} about the end of a period of clinical 
activitv and when the trophozoites are very 
low m number one might get the impres- 
sion that practically all parasite production 
had been given over to gametogen} Thom 
son (1914) and Thomson and Robertson 
(193o) however felt that the evidence is in 
favor of their requiring about ten days for 
development from the ring form Thesp 
authors also feel that the gametocytes have 
a restricted life span perhaps only a few 
davs m the peripheral blood and that their 
appearance over a long period means con 
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Tio 1 The gporogoBons And gebizogoiiovs «ycles *f rlatmodiiim falctparuit (Prom PrototooJogT 
by Thomgon and Robcttaon tbrongli contt^ay of ^ lUisns and Wilkios Company, publiabera ) 

shape IS now altered by mdentation$ or out out They are said to be more commonly 
pouchmgs, and pigment granules appear present during the afebrile stage of the 
The erythrocytes infected with ibis para infection^ which would suggest their associ 
site unlike vn ax infected red cells, do not ation with older parasites Undoubtedly 
enlarge as the parasite grows if anything they represent a change m the erythrocyte 
they tend to ^rink m size NeiUier do effected by the growing parasite but the 
they show the same alterations, viz Schuff mechanism of this is not yet understood 
ner’s granules They do however exhibit The infected cell is often observed to stain 
another type of stippling known as more intensely 

Maurer s dots or Maurer a clefts These Actually these larger and irregular so- 
differ from Schuffner s granules in that called ring'* forms are probably equiva 
their incidence is usually not so common lent in age to the somewhat less than half 
they are generally darker more of a buck grown vivax parasites which we term 
red shade, are not usually as numerous are amoeboid forms Thomson and Robertson 
quite irregular in size and shape and are (1929) state that the trophozoites remain 
often larger It frequently reqnires a some in the peripheral blood in the ring form 
what longer stauimg period or stronger for at least 1&-24 hours possibly longer 
staining solution than usual to bring them Prior to schizogony most of the tropbo- 
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Regarding the question of a capsule m 
the else of „ametocstes our experience has 
been similar to that of Thomson (1932) «li« 
found that e\ idence of a periplast was not 
constant 

Sforogonous Cycle 

Most of the sexual ejele of P falciparum 
occurs m the definitise host some member 
of the genus Anopheles We base noted 
that after a certain number of asexual 
cj cles in a falciparum infected pntient on 
the average about the ninth or tenth day 
after the first detection of parasites gameto 
cjtes commence to appear in the peripheral 
circulation Thomson (1914) obsersed a 
ten da\ interval As a rule the female 
forms predominate numericallj The gam 
etocj te production in fakipirum infections 
usualb IS relatiselj slow and bv no means 
;n every nwtance arc equal or even ap 
preciable densities obsersed Nevertheless 
greater densities are commonly encountered 
and they persist for much lonirer periods 
than with the other plasmodia of man At 
the time of first appearance of the gameto 
cjtes in the peripheral circulation the 
trophozoite count has most often dropped 
to negligible numbers clinical aetititj has 
usuallj ceased and some dajs later it is not 
uncommon to see the parasites represented 
bj gametocjtes alone There nould appear 
to be a cause and effect relationship between 
a wa\e of trophozoite production and the 
succeeding wave of gametoejte production 
smee this phenomenon may occur two or 
even three tunes in close succession dunn^ 
a falciparum attack Thomson and Robert 
son (1935) stated that expetunental evi 
dencc therefore is lacking which would 
associate the w a\ e of crescent increase — and 
decrease — with an> reaction of the host to 
the parasite Generallj speaking it re 
quires upwards of a week or so after their 
first appearance before the gametocstes ac 
quire sufficient densities or are sufificieiitly 
mature to infect mosquitoes The prepara 
tiou and examination of staiued exflagella 
tion smears will serve as a guide to the 
maturitj of the gametoevtes Exflagella 
tion can also be demonstrated m fresh prep 


sratioiis which are kejit from dijiiv mit 
"When the anoplieline mosquito iiigists m-i 
tnre micro^ametocj tes (male) tins piocess 
of exfligelUtion octnrs and from four to 
eight highh motile thread lil e microgam 
etes are rekised In the stomadi ot the 
mosquito the mKro„amete penetrates tlie 
macro^amete (female) s fusion of then 
chromatin iKciirs uid the zi^ote is formed 
The zvgote whuh earh li is s uminled 
shape betomes cloiir-aled and motile 
known then as an ool mete if fiiialh pene 
Irales tlie stoiiuch wall and loriiis a cist 
(oocist) subyicent to the outer siirfaii 
The ookinetes in ii he touml in smeiis made 
with the stomach lontents dinnv the 
twentv four hours following an infective 
feediiv Thev mm be as long ss 20 or moie 
microns and as wuk is 5 microns lint tliej 
are freqiientli not svinmetric il Tliej u 
taiu some pvmcnt and the chioiuatiu w 
usualli cenirallj locsted 

In preparations made after about two 
weeks mciibafinn (at 20-21 C) tollowing 
the infective feeding, well developed but as 
vet immature ejsts mav be seen on the 
stomach will Vfter tliree weeks incuba 
liou Ihev mij raHae from 46 to o4 microns 
in diametei ami are commonlj about 48 
microns rakiparum cj sts are character 
ized bv two or tliree small dark masses of 
pigment wlncli are usuallj located close to 
one another W itJiin the cj sts the masses 
of sporozoites are arranged in a radiating 
faslnoD having roughlv the appearance of a 
rosette 

On maturitj the ooevsts release the sopor 
zoites into the bodj cavitj of the mosquito 
These maj be found in most of the insect s 
tissues but of chief importance are those 
which find their waj to the salivarj glands 
These glands usuallv ate sporozoite positive 
about three weeks after the infectne feed 
11 ^ if incubated at 20-21 C It has been 
our experience that mosquitoes with faki 
parum sjiorozoitcs are more surelv mfeetn e 
if thej are utilized within the first ten dais 
after the salivarj glands become sporozoite 
positive 

■\\hen the proboscis of an infected anoph 
eline penetrates the skm of a person salt 
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tinued de\ elopment from the asexual forms 
On the other hand, between the gaiuetoc^te 
wa\es we ha\e obser\ed these forms to dis 
appear eatireJ} and to reappear only after 
a certain number of trophozoite cjcles had 
occurred (note charts m article by Boyd 
and Kitchen 1937f) 

Thomson (1914) found that gametocjtes 
originated from the asexual forms and 
chieflj m the spleen and bone marrow 
Apparentlv he did not observe the spmdie 
shaped forms originally described bv "Wat 
son (1903) Aragao (1930) studying the 
development of gametocjtea m splenic 
puncture smears noted that the earliest 
male forms tend to be rounded about two 
microns m diameter and growing older 
become ovoid or elliptical ra shape finally 
assuming the adult form The females on 
the other band are first more band like 
stretching across the red cell (Thomson and 
Robertson, 1935 could not confirm this ob 
senation) As these cells grow they assume 
a spindle shape or m some instances a 
planoconvex form Later cigar shaped 
gametootes may be seen and finally, the 
mature sausage like form appears In the 
earliest stage pigment is not found 

The present writer observed m peripheral 
blood smears from one patient infected with 
a local strain of P falciparum numerous 
spmdie shaped oval shaped and other im 
mature forms (such immature forms were 
not encountered with three other strains 
obtained from different points outside this 
countrj ) This person bad not had a severe 
course and these forms appeared on the 
eighth and ninth days after first detection 
of trophozoites Diagnosis of the sex of 
these parasites could not be made by reason 
of their shape but had to he made on the 
characteristics of the chromatin and pig 
ment 

■While as a rule the adult male and female 
gametocytes possess morphological charac 
teristies which serve to differentiate them 
occasionallj a Lttle overlapping appears 
and raises doubt This probably occurs 
chiefly in the case of forms which while 
they appear to he mature m shape have 
probably been m the circulation only a 


short while and the diagnostic character 
istics have not y et settled into the individual 
sexual t5^e 

The characteristics of the two sexes 
bnefiy are (a) pipment In the male the 
pigment is loosely knit golden brown in 
color and maj be m the form of fine or 
coarse granules, or coarse rods The female 
pigment is darker often of a greenish black 
color The granules tend to be closely 
grouped even though it is not alwajs in a 
compact mass Host often it adopts an 
annular arrangement or that of a compact 
mass neither of which is necessarily sym 
metrical In both male and female gameto 
cytes the pigment is m close association 
with the nucleus They occupy a larger 
area m the case of the male m which the 
position IS mori frequently essentially m 
the central zone of the parasite whereas m 
the female they are often situated toward 
one or other pole (b) ckramaiin The 
female chromatin is almost always in a 
compact mass There may be two aueh but 
this has not been usual m the writer’s ex 
penence Thomson (1932) found binuole 
ated female forms to be common and he 
noted that these were vesicular We have 
frequently observed vesicular nuclei m the 
female when the nucleus has not been ob 
Bcured by the pigment mass In the case of 
a single chromatin body it is usually partly 
or completely surrounded by pigment The 
color oE the chromatin commonly appears a 
little darker m the female more nearly a 
lavender shade (Giemsa stain) Male chro 
matin is more pinkish and quite diffuse It 
may he m the form of granules or rods and 
is found intermingled with the pigment and 
usually extending beyond it into an ad 
yacent almost colorless semilunar shaped 
area of the cytoplasm One often notes 
colorless areas between the pigment gran 
ales and it is assumed that these are un 
stained portions of the nucleus (c) ci/io 
plasm In well stained preparations the 
cytoplasm of the female is usually of a blue 
color the depth of which vanes In the 
male on the other hand the color of the 
cytoplasm vanes from a pale to a distinct 
pink shade 
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I DETECTION OF PARASITES 
ScnrzoooNOtJs Cycle 
The muro-scopical detection of malarial 
pira'»ite‘i m stimed blood films is the most 
icliahle and acciirite method of laboratory 
didyiiosis tliiifc tar deTised For accurate 
results ivith either the thm or thick film 
tecliiiiques special mnterials and pro 
oediires hue been found highly desirable 
Binte the best efforts of a qualified micro 
scopist mav be trustratecl bj poor condition 
of the specimen 

Istidcs For the preparation of blood 
films iieiv slides ire preferable and these 
should be tboroUt.hlj cleaned In order to 
a\oul touchin„ the surface of the clean slide 
111 hdiidliiio It should be grasped bj the 
ede.es To present annosanee and loss of 
time in field survess and to facilitate filing 
ot slid<*s in the hboratorj the slides should 
be of a length and thickness to fit easily into 
regular or special slide boxes (Bsrber and 
Komp 1929b) The slides used should be 
clear unAeratched non corrosive and above 
ill nieticulouslj clean le free from grease 
dust acid or alkali with measurements of 
75 inm v 25 mm x 1 2 d mm These require 
ments are met m a slide the equivalent of 
No 7030 B of A II Thomas Compan> 
Of/ier waterwls For field work tnaddi 
tioii to clean slides the materials necessary 
are a supplv of small gauze squares or a roll 
of absorbent cotton alcohol for cleinsmg a 
needle for pricking (preferabl> with a 
livramidal point) wax pencils for number 
mg the slides a supph of wooden slide 
boxes with cipacitj of 2o each or special 
field boxes holding 100 slides horitontallj 


and record forms or cards (Komp 1933) 
Au inverted T block against which two 
of the small slide boxes maj be held upright 
with a rubber band while blood smears are 
being made is a great convenience in sup 
porting and preventing the tipping of boxes 
of wet films This block mav be made of 
two pieces of soft wood 31 wide and 1 
thick the upright 6 long fastened at right 
angles lu the center of the horizontal piece 
which IS about 8 long A carrying kit for 
this equipment is convenient 

Making smear The skin surface to be 
pricked preferably of the finger should be 
well cleansed b\ a pledget of cotton or small 
piece of gauze moistened with alcohol to 
remove grease perspiration or dirt and 
then should be dried with a fresh piece of 
cotton or (.auze so that residual alcohol will 
not mix w ith the blood drop The puncture 
should be deep enough to allow a free Sow 
of blood under gentle pressure The first 
blooil to exude should be wiped off 

TAm smear To make a thm film a small 
drop of blood is collected on the face of a 
slide near one end The end of a second 
or spreader slide (preferably with a 
narrower end) is lowered onto the face of 
the first in an inclined position slightlv m 
advance of the drop so as to make an angle 
of about 30 and is then drawn back 
against the blood which spreads, out at the 
line of contact Then with a rapid even 
motion the film is made by pushing the 
spreader toward the other end of the slide 
A good thm film should show the erv tbro- 
cjtes well separated with no overlapping 
or massing 

Thick fim The thick film was devised 
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vary secretion is delivered through a duct 
in a stnieture adjacent to the sucking tube 
It IS assumed that at least some of the sporo' 
zoites so injected find their tvaj into the 
blood stream Concerning what takes place 
between the time of injection of the sporo 
zoites and the first appearance of tropho 
zoites in the inoculated person’s peripheral 
circulation, there is a gap in our knowledge 
of the pathogenesia which is not satisfac 
tonly explained on the basis of time needed 
for tile parasites to reach a detectable den 
sitj Schaudinn (1902) claimed to ha\c 
observed the penetration of an erjlhrocyte 
by a sporozoite, but no one has been able to 
support this observation and it is not gen 
erall} accepted as the usual course of events 
Recently considerabh work has been done 
on a fixed tissue stage of the asexual cycle 
m bird malaria If such a stage were 
proved to exist between the sporozoite and 
merozoite in human infections u might 
explain sev eral vexing problems 

Phtsioumy 

Relatively little is known regarding the 
pbjsiology of the plasmodia m general 
Prcsuniably the trophozoite obtains all its 
nourishment from the erythrocjte it occu 
pies Whether a parasite exhausts the 
available food of more than one red cell 
during its growth is not known, although it 
seems unlikeb that migration from one ery 
throcj te to another takes place Of inter 
est IS the tendemy of P tivax and P ma 
lanae to invade erythrocjtes of a certain 
age in comparison with the indifference 
exhibited by P falctparum 

The growing parasite utilizes the hemo 
globin of the red cell and deposits the char 
acteristic pigment hemozom m Us own 
cytoplasm. The pigment in tins species is 
much darker than that of P titai It is at 
first deposited m the form of fine dust like 
granules which as they are added to be 


come coarse clumps or blocks Though the 
pigment was tailed melanm for some years 
Jt is actually more closely related to hema 
tin It IS soluble m alkalies and iron has 
not been satisfactorily demonstrated in it. 
In P /fllctpariim infections it is commonly 
seen m the monocy tes of peripheral blood 
smears and at autopsy in the fixed tissue 
phagocytes sometimes in large quantities 
so that it may impart a characteristic slate 
grey appearance to certain organs 
In Its early stages the unstamed non 
contractile vacuole that is enclosed by the 
ring of cytoplasm is considered to be of im 
portanoe m the matter of the parasite s 
nutrition This function was attributed to 
it by Marchiafava and Bignami (1901) 
The vacuole appears to be of less conse 
quence to the older forms however since 
It gradually disappears with the increase in 
size of the parasite The amoeboid stage 
even with lU limited activity doubtlessly 
facilitates the nourishment of the organism 
Presumablrhemoglobin is taken in through 
the pseudopodia to be broken down subse 
quentlj by enzymic action 
6ome writers have hypothesized the pro 
duction of a hemolytic torm by this para 
site They feel that the blood destruction 
IS too great to be accounted for by multipli 
cation of the parasite alone We do not, 
however have any proof of such a hemolytic 
toxin It has been assumed furthermore 
that the parasite secretes a specific toxin 
which IS released at the time of sporulation 
and which is responsible for the paroxysm 
Of this we do not have any proof either 
The paroxysm may be due whollj to the 
release of the foreign protein into the host s 
circulation at the time of sporulation It 
has been evident according to our observa 
lions that the toxic effect of this species 
per se is not particularly marked the high 
parasite densities attained are probably the 
most important factor 
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I DETECTION OP PAEASITES 
ScnizoGONous Cycle 

The mitrosLopical detection of malaml 
parasites in stained blood films ts the most 
reliable and accurate method of Iaborator> 
diupnosis thus lar deTised For accurate 
results ivith either the thin or thick film 
tecliiiiqiie'< special materials and pro 
ccdiires hi\e been found highl> desirable 
since the best efforts of a qualified micro- 
scopist inaj be frustrated b> poor conditiOQ 
of the specimen 

zS/if/cs For the preparation of blood 
films lien slides are preferable and these 
should be thoroughl> cleaned In order to 
avoid touching the surface of the clean slide 
111 lundlifi!; It should be grasped b\ (he 
ed^es To present annosance and loss of 
time in field sursejs and to facilitate filing 
of slidev in the laboratorj the slides shonld 
be of a leiinth and thickness to fit easily into 
regular or special slide boxes (Barber and 
Ivump 1929b) The slides used shonld be 
ilear unseratched non corrosive and above 
ill meticuloush clean le free from grease 
dust acid or alkali with measurements of 
75 ram x 2o mm x 1 2i mm These reqnire 
ments are met m a slide the equivalent of 
''o 7030 B of A n Thomas Corapanv 

0/fier maleri<7/s For field work, m addi 
tiou to clean slides the materials necessary 
are a supplv of small gauze squares or a roll 
of absorbent cotton alcohol for cleansing a 
needle for pricking (preferablj with a 
pVTaraidal point) wax pencils for nnmber 
mg the slides a supph of wooden slide 
boxes with eipacitv of 25 each or special 
field boxes holding 100 slides horizontal!} 


and record forms or cards (Komp 1933) 
An inserted T block against which two 
of the small slide boxes maj be held upright 
with a mbber band sshile blood smears are 
being made is a great convenience m sup 
porting and preventing the tipping of boxes 
of wet films This block maj be made of 
two pieces of soft wood 8J wide and 1 
thick the upright 6 long fastened at rieht 
angles m the center of the horizontal piece 
which is about 8 long A carrying kit for 
this equipment is convenient 

Valin/; smrar The skin surface to be 
pricked preferabh of the finger should be 
well cleansed b> a pledset of cotton or small 
piece of gauze moistened with alcohol to 
remove grease perspiration or dirt and 
then should be dried with a fresh piece of 
cotton or gauze so that residual alcohol will 
not mil w ith the blood drop The puncture 
should be deep enough to allow a free flow 
of Wood under gentle pressure The first 
blood to exude should be wiped off 

TAtn smear To make a thin film a small 
drop of blood is collected on the face of a 
slide near one end The end of a second 
or spreader slide (preferably with a 
narrower end) is lowered onto the face of 
the first in an inclined position slight!} m 
advance of the drop so as to make an angle 
of about 30 and is then drawn back 
against the blood which spreads out at the 
line of contact. Then with a rapid even 
motion the film is made bv pushing the 
spreader toward the other end of the slide 
A good thm film should show the ervthro- 
cvtes weQ separated with no overlapping 
or massing 

TAicl fiim The thick film was devised 
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vary secretion is delivered through a duet 
in a structure adjacent to the sucking tube 
It IS assumed that at least some of the sporo. 
zoites so injected find their way into the 
blood stream Concerning what takes place 
between the time of injection of the sporo 
zoites and the first appearance of tropho 
zoites m the inoculated person’s peripheral 
circulation, there is a gap in our knowledge 
of the pathogenesis which is not salisfac 
torily explained on the basis of time needed 
for the parasites to reach a detectable den 
sitj Schaudmn (1902) claimed to have 
observed the penetration of an erythrocyte 
bj a sporozoite, but no one has been able to 
support this observation and it is not gen 
erally accepted as the usual course of events 
Recently considerable work has been done 
on a fixed tissue stage of the asexual cycle 
in bird malaria If such a stage were 
proved to exist between the sporozoite and 
merozoite m human infections it might 
explain several vexing problems 

PnTStOLOOT 

Relativel} little is known regarding the 
physiologj of the plasmodia in general 
Presumably the trophozoite obtains all its 
nourishment from the erjthrocyte it occu 
pies IVhether a parasite exhausts the 
available food of more than one red cell 
during Its growth is not known although it 
seems unhkelj that migration from one ery 
throcj te to another takes place Of inter 
est IS the tendency of P max and P *no 
lanae to invade erythrocjtes of a certain 
age in comparison with the indifference 
exhibited by P falaparum 

The growing parasite utilizes the bemo 
globm of the red cell and deposits the char 
actenstic pigment hemozoin m its own 
cytoplasm The pigment in this species is 
much darker than that of P tiiiaz It is at 
first deposited in the form of fine dust like 
granules which, as thev are added to be 


come coarse clumps or blocks Though the 
pigment was called melanin for some j ears 
It IS actually more closely related to bema 
tin It is soluble m alkalies and iron has 
not been satisfactorilv demonstrated m it 
In P falciparum infections it is commonly 
seen in the monocytes of peripheral blood 
smears and at autopsy in the fixed tissue 
phagocytes sometimes in large quantities 
so that it may impart a characteristic slate 
grey appearance to certain organs 
In its early stages the unstained non 
contractile vacuole that is enclosed by the 
ring of cy toplasm is considered to be of im 
portance in the matter of the parasite s 
nutrition This function was attributed to 
It by ilarchiafava and Bignami (1901) 
The vacuole appears to be of less conse 
qucnce to the older forms however, since 
it gradually disappears with the increase m 
size of the parasite The amoeboid stage 
even with its limited activity, doubtlessly 
facilitates the nounsbrnent of the organism 
Presumably hemoglobin is taken m through 
the pseudopodis to be broken down aubse 
quently by enzymic action 
Some writers have hypothesizfd the pro 
ductioD of a hemoly tic toxin by this para 
site Tbey feel that the blood destruction 
IS too great to be accounted for by multipli 
cation of the parasite alone ^Ve do not 
however have any proof of such a hemoly tic 
toxin It has been assumed furthermore 
that the parasite secretes a specific toxin 
which is released at the time of sporulation 
and which is responsible for the paroxysm 
Of this we do not have any proof either 
The paroxysm may be due wholly to the 
release of the foreign protein into the host s 
circulation at the time of sporulation It 
has been evident, according to our observa 
tions that the toxic effect of this species 
per « 13 not particularly marked the high 
parasite densities attained are probably tbe 
most important factor 
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by Ross (1003) It is placed near one end 
of the slide anil raa> be made in either of 
tvrowa^s 'The first method la to toucK the 
under surface of the slide to a large, rotand 
drop of blood and without losing contact 
with the drop or tonebmg the slide to the 
finger jbd^ e the slide m oarrotv circles until 
the blood on the slide covers an area about 
the sire of a dime Such a smear holds an 
amount of blood coutamed m 3 to 5 average 
drops The second method is to place sev 
crai average drops of blood quite near each 
other and then with the nc^le or the cor 
ner of a dean slide quickly puddle these 
into oue fairlj homogeneous drop about the 
sue of a dime Practice soon teaches one 
the amount of blood to take to assure sufB 
cient thickness sod yet pretent crackling 
and peeJuig of the Wood when drj A satis 
factory thick film as several layers of 
erythrocytes thick in the middle and thins 
at the extreme edge to a one lajer thickness 
TAick unci fftin smears on the same sUde 
It IS often and perhaps usually desirable to 
have a thick and a thm film on opposite 
ends of the same slide This permits the 
number or identifying character to be writ 
ten with pencil in a part of the tbm film 
If the thick only is taken a was pencil may 
be used to make the label on the end of the 
elide opposite the blood film 
Prtftng Thick films should ahraj-s be 
dried in a horizontal position to assure even 
distribution of the blood All blood film 
should be protected from dust and insects 
especially house flics Slides taken in the 
field should be placed filen side doirn in a 
slide box (held vertically as previously de 
scribed) to prevent dust from falling into 
the wet film They should be sent as soon 
as visibly dry to the laboratory for staining 
for age or summer heat will prevent perfect 


stainioe of thick films If thick fiiias are 
air dried several hours’ desiccation seems 
necessary to effect complete adherence of 
die smear to the slide Drying may be 
hastened by placing in an incubator at 37 
C fee ft short time or by a blast of warm 
air front an electric hand hair dry er held 
not too close to the wet films (Ti oung 3938) 
Direct heat must be avoided for like alco 
hoi It ‘ fixes” the red blood cells and pre 
vents dchemoglobmization so necessary in 
thick film staining 

Slams The most dependable stain, par 
ticuJarly for thick films is obtained with a 
good quality of Giemsa stam diluted with 
distilled water of a pH from 7 0 to 7 2 
Qrwbler’s dyes have long given complete 
satisfaction m this work (fleck 1311) 
The imminence of a European war and then 
its actual existence gave rise recently to the 
study of American dyes m order to produce 
stains consistently satisfactory on maJansl 
parasites particularly m thick films In 
thu study, it was found that Azure B not 
Azure A is the principal ingredient of 
German Azure 2 With this knowledge as 
a basis formulae were devised for the com 
pouudmg of satisfactory Oiemsa solutions 
(formula ‘ A” below) (Roe Lilhe and 
Wdcoi 1940} To make these entirely reli 
able however Azure B should be added to 
the list of certified dyes with its dye con 
lent determined It is hoped and expected 
that this step will soon be taken In the 
absence of Certified Azure B and in order 
to facilitate the manufacture of Giemsa 
stain from AmeriMK dyes another study 
w-fts made to devise a Qietnsa stain from the 
emmates of Azure A Azure B and Slethy 
lone Blue since the eosinates are easily 
made and are of uniform composition and 
dye content (Roe Wilcox and RtJlie in 


PtiVS I — PUJlStS or M *1^1*1. i'«A8ITES IK TOR MOStJVJTO HOST 


P v*vor stomach of 4 quaJ^tmaeulcl^t with bo*? cyst lofeetion Cysts ktwut 35 nucra in diam 
etet 15 4ays old 

p vtias cyst about 4 micM ia diawfler S dajf» ^ Piynient clearly aiseprn.ible 
p tua* cysts 6 to 8 miera la diameter 7 day* oHL Pjgojeot clearly disceraiWe 
P viiax CTsta IS days old Sporoblaat foTwatWB wen advanced! eotne pigment «tiK nvMe 

P t«*e Optical egoatOTJaJfMtxoo of nearly mahico cyst tbowtog dcTelopiBg sporozoites projecting 
p Boartto arrangement of ^eveJapiEg tporoMitM char 

aeteiistJC Same apewiofa M Fig 1 
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smears require longer washing The slides 
are stood on end to dry ne\er blotted An 
electric fan maj speed the drying but di 
rect heat is not recommended since some of 
the excess stain which might flow from ihe 
smear mav be dried upon it and cloud this 
background 

Rapid staining The time consumed in 
staining a thick film for diagnosis has been 
a drawback to its general use but a com 
bmation of Wright and Giemsa stains has 
been devised recently which reduces stain 
ing time to ten minutes without detracting 
from the desired coloration (Michelson and 
'Wilcox 1940) The stain is prepared hi 
dissolving 1 515 gra of Giemsa powder (Na 
tional Aniline and Chemical Company Inc 
N Y) in 100 ce of gljeerine (using heat 
and avoiding absorption of HjO) When 
this IS dissolved 100 cc of Wright b stain 
solution previous!} made b} adding 2 gm 
of Wrioht s powder (National Aniline and 
Chemical) to 1000 cc meth}! alcohol and 
aging for at least one month is added and 
the mixture is allowed to stand over night 
The next morning an additional 800 cc of 
the aged Wright etaut eoluticn ts added 
The amount of stam needed for a few days 
IS filtered into a small bottle and is ready 
for immediate use 

For staining the solution is diluted 1 part 
to 10 parts of neutral distilled water and 
poured over the slides in a staining dish 
Ten minutes are allowed lor stainin^ then 
the stain is flushed from the disb and the 
slides washeil for one minute with neutral 
distilled water after which they are air 
dried and examined 

Staining smears «n iulk Where laige 
numbers of slides carrying thick smears are 
to be stained time may be saved and uni 
formity in the quality of staining assured 
b\ a simple method described by Barber 
and Komp (l')29b) The slides are made 
into blocks of as many as 25 by placing 
pieces of cardboard an inch square and 
about 1 2 mm thick between the slides at the 
ends opposite the thick films compressmg 
the alternating slides and squares and 
windiu,, around that end of th^* block an 
inch wide strip of heavy paper which is ae 


cured with a strong rubber baud (Koinp 
1933) The outer slides in the block should 
be reversed with the film side in to pre 
vent the wet smears from being scraped off 
m the staining process By this method 
hundreds of slides may be stained in bulk 
and consumption of stain solution dimm 
ished by using a container of the exact size 
necessary to hold the number of blocks to 
be stained 

Examining smears For examining blood 
films the od inimerston lens is used Thick 
films are searched with a low power (pref 
erabh 5 x or fix) ocular while any uncer 
tain object may be scrutinized yy ith the 10 x 
ocular The loyv power eyepiece gnes a 
larger field greater illumination and clarity 
of color and outline It lessens eye strain 
by gmng a feeling of distame The 10 x 
ocular enlarges the object and brings the 
fiehl closer 

Use and adiantages of ioth thm and 
thick films The tbin film is ideal for tlie 
study of the morphology of the indiyKlusl 
parasite for ideiitificatiun of stages and 
species and snfllces for dngnosis if the in 
fectum IS heavy It also gives the accoin 
paiuin^ blooil picture It dries quickh 
can be stained in from 5 to 10 minutes and 
IS ready for immediate examination IIoy\ 
ever it has the ^reat disady uitage of fail 
mg to reyeal parasites when density is loyv 
parasites are found most easily along the 
outer ed„es and in the tails, of the smears 

The thick film is a concentration method 
particularly valuable for diagnosis and 
yrhere large numbers ot slides are to be ex 
ammed is a methoyl of necessity rather than 
of choice (Creen 1931) It quieklv reveals 
the sparse or scanty parasites of new or 
chronic cases for the practitioner and gives 
a more accurate idea of tlie malaria inci 
dcnce lu a survey by ^reatly increasing the 
number of positnes found in single slide 
exainiualtons It has been estimated thit 
the amount of blood coyered per micro- 
scopic field is increased from 10 to 50 times 
over that in a thin film field heme ex 
amiuation time is cut drastically (Sinton 
and Baneryea 192o) Practice and expen 
cnee are necessarv to beiome proficient in 
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press) It js believed that stains based on set of brom thymol blue color standards are 
this second study will soon be on the market used for testing 

(formula JI below) Staining For the stammg of thin films 


Formnla A | 

Formula M ’ 


Nocht 

formula 

(M) 

Pure 

dye 

weight 

Total 

dye 

weight 1 

Azure B (80*’ est ) 

Azure A 90% 

Methylene blue 879' 

Eosm T 939' 

Glycerine 

Methyl alcohol 

1 1000 
■olubon 

20 

05 

27 

50 

tog 

200 

SO 

270 

500 

SO 

1 so 

i 250 

o5 

310 

517 

ec 

te 

Azure B eosinate 250 mg 

Azure A 50 ‘ 

Meth blue -00 “ 

Methylene Woe eila 

nde (S??') 100 

Glycerine 50 cc 

Methyl alcohol SO cc 

Total 

100 ee Btaiu | 

Total 100 cc Btam 


For thm films Wright’s and Leishman’s 
stains made from standard formulae will 
also give satisfactory results 
Buffer solutions To obtain a pH of from 
7 0 to 7 2 m the water used for the dilution 
of the stock stain as well as for washing 
the stamed slides buffer solutions should 
be added to the distilled water Disodium 
phosphate and either sodium or potassium 
acid phosphate m M/15 solutions are used 
and are prepared bj dissolving the salts as 
follows NajHPO*(anhydrous) M/15*95 
grams per liter NaH 3 POt H 3 O M/15 = 9 2 
grams per liter and K.H 2 PO 4 M/15 = 9 07 
grams per liter The stock solutions are 
kept in separate glass stoppered pyrex bot 
ties from which are removed the following 
quantities to make the indicated amount of 
the buffered water 


pH 

H Na,HPO 

M 

15 

NaH^PO H 0 1 

D stilled 


M 

15 

or 




EHPO 

BO 

70 


38 9 cc : 

900 ce 

70 

7 0 cc 


28 0 cc 

900 ec 


The pH of the buffered water is then 
tested and adjustments made if necessaij 
Brom thjmol blue mdicator solution and a 


with Wright s or Leishman's gtams which 
are alcoholic solutions the red cells are 
fixed by placing the undiluted stain directly 
on the blood films for a given period of 
time Then the stain is dilated with the 
amount of buffered water found to give best 
staining results and the slide washed by 
flushing away the stain with additional 
water The amounts and time for each step 
must be ascertained for different lota of dj e 
To use Giemsa stain on thin films the blood 
smears must be previouslj fixed with ace 
tone free absolute methyl alcohol, then 
stained in the manner described below for 
thick films except that they are washed by 
dipping quickly in clear buffered distilled 
water 

Thick ^ms should never he fixed by chem 
ical or other means smee lysis of the eryth 
rocytes is necessary to make such smears 
transparent The portion of the slides c(5n 
taming the smears is vertically immersed 
m a solution of one part stock Qiemsa stain 
solution dduted with 50 parts of neutral 
distilled water for 45 minutes Then they 
are removed and washed for a sufficient 
time to clear the background and differ 
entiate the parasite colors This varies with 
the age and thickness of smears— from sev 
eral dips m neutral distilled water to a five 
iDUiutes’ immersion Older and thicker 
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^xammias juse of tlie }{m of 

erjlhroc)te outlines and a sljalit tliaiv* m 
paiasitc contour snd size The mha»l»Rps 
of the technique honeter XuUv reiompense 
one for the time spent in heconuiiR profi 
cient 

friiKincration of parosUes To obtain a 
definite ide^ of the degree of inftclion a 
quaniitatne thiel smear mac be rocdc and 
esunmetl b> tlie fotjowmg JiwUfication of 
Eiric s method (Earle and Tens 1D32) 
Tn e cubic imUimeters of blood arc taken in 
a special pipetic and spread evenlj O'er an 
attunfeh metsitred 3x15 nun aiea on a 
clean slide ( This nny he marked on the 
slide b> rwhng iHstruinenfs hiviUn dnniond 
points set at the exict distances) Wlien 
dr.t the smear IS stumd like anc other Ihjek 
film I relimui'i'n to emimenuon the mi 
otoscope IS calibrated as tollous A Ilonnrd 
dm udli a rule I sqinre ts inserted in the 
octtlai One side of the lftT,.e sqii ire is 
measured \sith a slide micrometer and the 
area of the field locertd be the stpnrt com 
puted m squ ire mdinneteri The number 
ol fields to be coniited iii order to coser one 
squire niilhmeter is ascertained by ilnidmg 
one square millimeter b\ the area of one 
square niitrovopic field Jor earimple 
bmte 0 I iibit millimeters of blood are de 
posited on 4a stjnure millimeters of sp*ce 
5-45*011 ulinh n the portion of one 
cable millimeter of blood spread over one 
square millimeter Tlien also smt-c 1 -Oil 
cubic millimeter * 9 (the number of sqxure 
millimeters tarrsing a blooil colume equal 
to one cubic millimeter) the number of 
pansites ttounted in the required number 
o? microscopic fields to equal one square 
miJIinieter is multiplied bj 9 to obfam the 
number of piiasites per cubic miUimeter 
The requisite number of fields js selMeil 


ftoni dilTtrent parts of the bmear to mnfce 
the count as represeiitatise is possible If 
counts run high tenor fields are exaiiiiiieiJ 
«hI an estimation made for the required 
liUBiber of fields 

Spoi OQosoub Cycle 
Ixpenmcniftl /«/cc(ion 

Iiv the espeumental jnfecfioii of jitos 
qnitoes the maturif} of the ^imetw\t« 
should be ascerfaiiied prior to the ajipht i 
tion. of the mosqmtoes to the pitieiit iv- 
sonimr, th'it safisfseforv densities of thes<, 
lelJs are present While mosquitoes ma\ be 
Ji„blJ> infected uhen fed on paheiifs 
with sttbmicrostopic densities of gameto- 
ettes it is desirable to limit their applies 
tion to patients echo in the cas.e of visas: 
iiase counts ot not leis th in 5 males and 5 
females per emtn In faUipanini patienU 
u much higher densitj of gametocstes a 
Jiecessars approximatciv 1^ of each wa 
to secure reBsonvblj adequate infections 
An evfiagellation smear should also be made 
at this time hor this purpose » rather 
thick thm sniear IS prepared oier winch 
the brenth is exhiled Before desiccation 
l>Cr.ius this sroeir is pheed in the « liuratcd 
air of a Petri dish having moistened filter 
paper in the bottom and allowed to stav 
for about 30 minutes at a cool temperature 
At the end of this tinu* the smear is re 
moved dried and stained as are ordinary 
smears If exflaoeIhtin„ mierogametocv tes 
ire found one can be sure of the maturitj 
of the gametocjtes present m the donor 
By tieatjji^ a preparation w this minner 
the same development can be initiated 
irhieb KOmaJJy takes place in the stomach 
of the mosquito 

The mosquitoes wore previouslv placed 


iL-iTE II — Pnvsfsor ilxuaiu. Pnavsirrs iv Ybk IIosqcito Host (Com Kurdj 
7 P viisr Cre*i sMtion of lobe of #alH«»T gland of ga<K?rim<ic«lal»^ »bow\cg sporoioite* wilWn 
neeretoiy cells of ghnd HemalOTclin slaw 

g r iiia-r Inamdoa! sjm Jtotule* esliodcd ftom «»wl»ed elan 1 MetJjjalion G emsa flaw 
g F malaria? A 1 day old cyst S 4 nwrra iwnctcc 

10 i> fliolana? A 23 day old cjst UcRinmna forntatwo of srorol lists 

11 r walartar fiporoiMifc* cHriflel /re»» ero l«l (5*aol Wngltsiam 
j<i P /alcporuM Cy»tstio«i*EcaTl?»iig«»f«P<»wlHit> 'Smediysold 

va P A cyst 17 diys old siwMwWt » budding from eporoblaJt* 

U P Group of tt«t ««» UmilaTylia si-" 
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jn bobbinet capes coiH'miin^ not more than 
^0 or 25 insects (o i cape If one end of 
tlie ca^e is cohered with black bobbmet the 
mosquitoes are nioie eisih seen Previous 
to application the mosquitoes are chilled m 
an ice box and m the meantime a h>per 
eum of the donor's skin has been produced 
hi a hot Hflfer boff?e phiced on that part of 
the bodi to whicli the raped mosquitoes are 
to be applied When the ca^es are applied 
to the skill the chilled mosquitoes are at 
tricted to the donor In the heat The arms 
or tliiphs aic coiueiuent sites for applica 
tioii Subsequeiith the fed mosquitoes are 
siparated from the niifed and the former 
ire stored m a 20 ( inculntor Eieri 
two ds\s th \ ire gi\en an opportunit\ 
to feed on an ininiobdwed rabbit Those 
chirir natiir’Mi areremoied daili and dis 
seeted if their condition permits and ex 
amined for the current stages of the para 
sites If at the end of ten <lavs none hive 
died 8 or 10 should be killed for dts ection 
After parasites have mi«.rated to the gland 
thes are stored at a lower temperature and 
until used foi inoculation purposes are 
gisen in npportnmU to feed on an animal 
but once a weel When required for inocu 
iation tliec iie presiouslv starced for sev 
eral dais tlien transferred to individual 
cages for apphcition to the patient The 
same teihiiiqiie of application is followed 
as previoiisli described although more pa 
tiem e is necessars Those feeding are 
killed and their salivars glands removed 
and examined for the presence ol sporo 
zoites 

Dissec/ion 

Engorged wild mosquitoes should he kept 
jn a cool incubator for several dajs pnor 


to dissection until the stomach is emptied 
from digestion Kill not more than 3 or 3 
mosquitoes at a time with chloroform If 
seseral are killed at oncp, place those not 
unmediateh required m a moist chamber 
After identification cut off the wings and 
ICe,!* Place the mosquito on a slide on the 
sfa^^ of a dissectm^ microscope with the 
abdomen pomtio^ into a drop of saline 
Secure the mosquito on its back or side by 
piercing the thorax with the point of a 
straight needle held in the left hand With 
a curved needle held m the right band 
nick the seventh or eighth segment above 
and beloiv then insert the needle point in 
the last segment and pull gentU drawing 
out the intestinal tract and appendagt s into 
the saline solution Trim off the JIal 
pighiaii tubes leaving enough to identify 
the posterior end and cut through the fore 
and hind guts close to the stomach Trans 
fer stomach on the needle tip to a cl'*an 
drop of salme — straighten it out anci cover 
with a cover slip for examination in a fresh 
condition If escessivelv contracted tho 
stomach may be expanded b> cautiously 
warming the slide 

In the ilissection of gravid mosquitoes it 
inaj be difficult to remove the stomach m 
the manner described since the ovaries 
block the opening and the tissues maj 
break In this case tear the membranous 
sides of the abdomen with the needle points 
and dissect out the stomach 

SaUiary r;lBnds Various techniques have 
been described some of which may be better 
adapted to certain technicians than others 
Practice is more important than method 
Place the remainder of the mosquito bodj 
in a drop of saline tinted with methjlene 


Plate III — I>1alibiai> PABisives if a Taitf Di-ooa Film 
1 P falctpariim Smnll tiopbozo es jUiwtrating * douWv infcetcd cell with one marginal parasite a 
para ite with double ebro natin dot anl sui nn nfected «11 showing basophilic stippling 
" F falc'ParHm If erogamftocjte 

3 P falciparum Macrognitiitocyte 

4 P Vila* GroMing ameboid troihozoite ^ buffner 8 dots rtearly d cernibie 

5 P ttioJ Presogmenting sch sont Arwlher parasite rt close proximity 

6 P liior Microgametocyte Chromatin inaaa aurrouoded by veaicnlar aria 

8 P rn'^^rvif torms two stage* of growing trophoio te Coacentration of pigment along 

p riphery opposite tl e nucleus is appar nt 
0 F woiinac Segmenting seb sent and large tropboco te 
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blue With tiie held and thorax pointing 
to the right hold the ino'squito in place with 
the needle in the left hand Cut off the 
head with the cuncd needle held m the 
right hand Press the thorax gentlj with 
the side of the cur\ed needle forcing a 
small mass of tissue from the neck opening 
Tlie tips of the glands maj be seen pro 
trnding from this mass and are e®otIy 
teased out If they are not seen tear the 
greenish colored mass apart in search of the 
two ghstemug blue stained bodies Trms 
fer the glands free of other tissues by llic 
cuned needle tip to a clear drop of saline 
and co\er with a cover slip 

£xamination of Fresh Preparations 
The preparations are examined with a 
compound microscope equipped with a me 
chanical stage 

SlomacA Focus a two thirds objective 
on the stomach and mo\e it to center of 
the Held Place the tip of a needle held m 
the left hand against the edge of the cover 
slip Mose the slide bj means of the me 
chanical stage aeainst the needle point so 
that the co^er slip is held fixed This causes 
the stomach to roll so that all parts of its 
eurfate mai be examined for projecting 
CN'sts If suspicious bodies are found these 
are examined tinder a higher magnification 
Small cysts are clear round or oval bod 
les without a refractile wall but with un 
raistakable pigment granules Larr,e cysts 
show a distinct wall and only rarels re 
pigment visible Mature cysts are finels 
striated owing to the myriads of sporo 
zoites winch they contain "NYlien onls a 
few cysts are found they are usually in the 
po'stenor end of the stomach 
The contraction of some of the circular 
muscle fifaf-rs m the central part of the 
stomach may produce externally extruding 
sacs of the stomach membrane that mav 
cause confusion Some of the fat cells con 
tainmg fat globules mvht also be confused 
with cysts Small cysts should never be 
dngnosed unless pigment is seen large 
cysts are unmistakable 

Salivary fflands Move the j.lands to cen 
ter of the field of a two thirds obj«?tne 


With the tip of a needle press gently on the 
cover slip above so as to trush them Then 
the fluid about tlie crushed gUiuls is ex 
amiiied under a one sixth objective for 
sporozoites These are slender p,listenm^ 
rods straight or slightly curved and about 
12 to 14 micra in length Motilitj at hast 
m the sense of a translation of position is 
questionable 

S/aintnff of Preparations 
.Stomach If a hiji intuleuLC of infte 
tion in the mosquitoes is expected it is 
preftiaUe to fix and stain the stomiclis be 
fore exanimatioii Fixation ami staining 
of spci rnieiis which hive been for some time 
umlera cover slip jij saline is inisatisfacton 
Bv staining freshly dissected stomachs m 
Mayers acid hsennUim (formula follows) 
before examination infections mav be 
found which would be missid if examine 
tion IS limited 10 the fresh prepiration 
Cvsts while small are detectible ns esrh 
as the third dav after an infective feeding 
in stained specimens while such siiull 
cvsts are very difhciilt to detict in nn 
stained preparstions 
After the stomach is removed and the 
Malpighisn tubes trimmed off it is covered 
with a large drop of Bourn a fixative 
Then cut oft the lore gut and liiiid gut 
Allow the fixative to act for 5 minutes The 
specimen is transferred with a pipette 
throughout the different steps of the stain 
mg process After fixation the prepai ition 
IS rinsed in distilled water to leinovc any 
excess of the fixative and is ollowed to re 
mam m distilled water until all traces of 
the vellow color of the pn.rn, acid ais. ^.one 
This requires sevoril hours or preferiWv 
over lu^ht From the divtillwl niter the 
stomach re transferred to a 1 10 dilution 
of Mav era acid hiennlum for in hour 
The stomach is next washeil to remove ex 
cess of stain m a one per tent solution of 
acetic acid for 3 to o mmtifes then trniis 
ferretl to a one per cent solution of soduini 
carbonate to neutralize (the color thannes 
to blue) For delivdintioJi it is passed sue 
cessively through 50 70 85 D5 and 90 per 
cent solutions of alcohol remaining from 3 
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II DIFFERENTIAL DIAGNOSIS 
ScmzoooNOUs Cycle 
General A-ppearantt of Th\n and 
Thtck Blood Films 

Tte blood picture presented by the ihin 
film fixed with methyl alcohol and stained 
by one of the stains mentioned is too famil 
lar to warrant discussion The descriptions 
of the morpholoffv of malarial parasites are 
based on their appearance m films of this 
tvpe They lie withm or on the erythro 
cytes show red to purplish red chromatin 
blue cytoplasm and pigment granules vary 
mg from a yellow tinge to almost 'black. 
Differentiation by stages and species m the 
thin film IS given in the accompanjing 
Table II Further detail may be found m 
James Nicol and Shute (1933) Nocht and 
Mayer (1937) Stitt Clough and Clough 
(1938) Thompson and Woodcock (1922) 
and Wenjon (1926b) A working knowl 
edge of the morphologv of the malarial 
parasites in the thin film is absolutely 
necessary before attempting their diagnosis 
in the thick film 


TABLE II 

Bvuiuar Of PuAent BirmcKTUTtOK 
(Stained tliiii filma) 



P 

P 

falei 

parvm 

P 

P 

Infected cell 

w 

(b) 

(«) 

w 

Small tropho 

rings) 

(a) 

(b) 

I (c) 

(d) 

Q owing 
trophozoite 

(a) 

(b) 

(e> 

(d> 

Large 
tropbozo te 

(a) 

(b) 

(«) 

(d> 

Presegmeating 

schizont 

(a) 

(b) 

(e) 

(d) 

Segmenting 

■chizont 

(a) 

(b) 

<e) 

(d) 

gametocyte 

(a) 

(b) 

(e) 

(d) 

gametocyte 

(a) 

(b) 

(e) 

(d) 

Length of ases 
ual cycle 

48hrs 

48brs 

7 brs 

48 bra 

Stages in 
peripheral 
blood _ _ 

All 

(b) 

All 


Betnatks 

(a) 

(b) 

(e) 

(d) 


Hate Tlie obore table « a guide to d iferenii 
aUng the speeiet of PUumod a The first coluwn 
lists Vis chief stages of the parasites as fovnd •« 
(Am smears It « from d fferences tn the charac 
tsnsties of these stages that the epeotee mag be 
determtasd In (be text below the stages appear at 
the beginning of parag aphs in the same order as 
IN the table abote In each paragraph the four 
species are given tn the tame order and following 
the same letters as in the table To read down 
through a parag oph belov is eijuHalent to reading 
aeroes the correspond ng line in the table aboie 
Infected cell (a) Larger than normal pale 
olten tHiarre n chape SebuSner a doU very often 
preaent Multiple infeetion of erythrocyte not un 
conunoD (b) ftormal in sue Multiple infection 
of erytbroeytea more f equent than in the other 
■peciea Maurer a dots aomet mea seen (in over 
atained ameais or when pB of II O is on albal ce 
side) (e) About normal or sbghtly smaller 
Soinetmes darVer in early slaget Ziemann a d ts 
rarejy seen Multiple mfection of erythrocyte rare 
(d) Somewhat larger than normal often with 
fiingad or negnlar edge and oval in chape 
Sebuffner t dots appear even with vousger stages 
stain more readily and more deeply than in ttidz 
Smelt I opbo oife (early nnge) (a) Signet nag 
fo n w tb heavy chromatin dot and large evto 
plaatnie e cl« po e bly with fine pseudopodia (b) 
Small tbreadbke cytoplasmie circle and one or two 
amall chromatin dots (Double chromatin dots 
more frequent than in ol^er apeciea ) Marginal 
and brtdge forms are frequent May d aappear in 
tbia stage f om pe pteral tuculalion and retorn 
to intrroal organs for development (e) S gnet 
ring form with heavy chromatm dot and eyto 
plaeinic circle which is often smaller thicker and 
heavier than that of viiax (d) Small darker in 
color and more solid as a role than those of fold 
parum Schuffner s dots regularly present in 
alotoet lOOw of infected cells 

Growing irophasoite (a) Same as above w tb 
gradual ecrease in amount of cytoplasm and ebro 
matin Often with mote disUaet pseudopodial 
processes BmaU yellowish brown pigment granulea 
in cytoplasm number increas ng with age of para 
a le (b) Th s atage remains in the rmg form but 
eb onatm and cytoplasm increase to the extent that 
to Bizo the parasite res mbies closely the smalt 
tropho oite of tivdz A few pigment granules give 
a yellowish tinge to the cytoplasm- This is usually 
the oldest a exual atage seen in peripheral circula 
t on (c) Chromatin rounded or elongated eyto 
plasm m a compact form with little or no vacuole 
or in a nar ow band form ac oss the cell Dark 
brown p gment g anules — may have peripheral ar 
rangement <d) Resembles closely tame stage of 
p malanae but is eonsiderablv larger Pigment is 
bghte in color and les conspicuous 

Zm ge tropho (e (a) One abundant mass of 
cbiomatin loose ittegulav ot close compact eyto 
plasm with increa mg amounts of fine b own pig 
ment Pa asite pract cally fills e larged rell by end 
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to 5 mmutes in t ac\i It is then cleared in 
carbol xjlol and mounted in balsam under 
math a coier slip 

Formulae for the stains mentioned are as 
folloivs 

l/aj/er # Ae\i Haemalxim 
Dissolve 1 gmm of baematin Id 50 ee of 00 per 
c<nit ateobol and varm. Add Pus solution to a 
solution of 50 grams of alucmDum pofasautm aul 
phate in 1000 cc of distilled water dissolved by 
heating ilix warm tool and filter Add 2 «e of 
glacial acetic acid to 100 ee of haemalum solabon 
£ouin s fuatire 

I iciic acid saturated agneons solution 30 parts 
I ormaliD (40 per cent) 10 parts 

Acetic aeid _ _ 2 part* 

This should be pr<Tiafed daily 

Salivary fflands 5 he cover slip is genUr 
raised from the crushed gland and inverted 
The material on both the slide and the cover 
slip IS alloived to drj is then fixed hi flood 
mg iTith absolute methyl alcohol and is 
stained 5vith Giemsa stam exactly as a blood 
smear Forceps for holding the coier slips 
are verv convenient in stammg The sur 
face of both the slide and coier slip is ex 
ammed vnth a lou potter lens and the one 
to which the glands have adhered is savtd 
If on the cover slip the slip is attached 
gland side upward to a slide b} a drop of 
balsam (Bosd 1932) 

Fzaminahon of Stained Preparations 
A well stained stomach preparation shows 
the cj-sts shghtl> darker than the stomach 


tisroe, with the pigment showing as in a 
fresh preparation Large or mature cjsts 
are readily recognized bv their internal con 
tent of sporobJasts or sporozoites Small 
evsts are identifiable by their content of 
pigment, the recognition of which is mdis 
pensable for diagnosis of the bodj as a cjst 
The only criterion for the specific identifica 
tion of the cysts is by the characteristics of 
the pigment which is retained from the 
mactt^ametocytes from which it developed 
The characteristics of the pigment in the 
different species are shown m the accom 
panj mg tabulation (Table I) Pigment is 
rarely observed in the large cysts It is not 
certain whether its disappearance is appar 
cut or real, » e , whether it is masked by tlie 
increased internal structure of the cyst or 
has been metabolized The stained sporo- 
zoites exhibit the characteristic colors of a 
malarial parasite The reddish chromatin 
is usually a central oval mass or may appear 
as three or four small, round granules The 
c) toplasm has the familiar blue of s para 
site The sporozoites of P vita* and P falei 
parum are morpho/ogicaHy indistinguish 
able but one could probably differentiate 
the sporozoites of P malarvie as these are 
definitely larger and coarser with aplotvby 
chromatin Sporozoites from different mos 
quitoes vary t,reatly m their size although 
those derived from any particular insect 
show relatively slight difference (Boyd 


1935a) 

TABLE I 

DlITESZ'tTUL DUGNOSIS IN apOKOGONOVS CyCLX 



1 Produce 

1 sporozoites at 

, 0 Cm 

P tM«* 

P malanae 

F fotetparum 

Cyata 

16-17 days 

30-35 days 

2-' 3 days 

Pigment in small | 
cysts 

Fusifonn crystals 
frequently id a I 

Rounded angular 
musses goldtm | 

Rectangular blocks 
dense black 


Sire 

\aiiable j>n>bably 
dep ndent on de 
gree of infeetion 

1 In mosquito 

Definitely largest 
and coarsest 

Variable probably 

1 dependent on de 

gree of infection 
IB Dioaqu to 

Spototo fe* j 

1 

PomanowsVy 

1 stam Dg 

Indistingaisbable 

from 

1 P /atopa/aui 

Chromatin displays 
the diffuse char 
Deter typitat of 

F malar\a« 

Indistmgnishable 
from P eiraj 
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(particularlj the le^s experienced) for 
stadj and for classification of species and 
determination of mixed infections Sidinff 
ner s dots frequentlj show quite plainly 
here whereas in the thicker portion the\ 
maj be lacking entirely or may show onlj 
as a delicate pink area around the parasite 

Parosites m the Thick Film 
Young tropho oites In the thick film the 
>oving parasites of all species often appear 
not as complete ring forms but as ehro 
matin dots associated with only a portion 
of the cj toplasmic circle These forms haTC 
been described aptly according to their ap 
pearanie as interrupted rings exelama 
tion marks and swallow forms (Picld and 
LeFleming 1939) lYhen only this stage of 
the parasite is present in the blood diffi 
eult> IS encountered m diSerentiating the 
species Honever if the rings are very 
small and delicate or if there are many ring 
forms and no older stages of the parasite 
the species is \er> likely P falciparum 
Half grown and old tropho oitts The 
older trophozoites of P viiax exhibit a de- 
cided tendeoo for the c\toplasm to be 
fragmented and arranged in a cluster of 
varying sized particles often with no visible 
connection This cjtoplasm w associated 
with a round or irregularlv shaped red or 
magenta mass of chromatin The pigment 
appears as a ^ ellowish haze or as small light 
brown grams on the cytoplasm Some of 
the older trophozoites with one chromatin 
mass are rather solid and regular in out 
line Those of P malanae exhibit a heavy 
dark pigment in the compact cytoplasm 
which gives a dense appearance to many of 
the parasites of this stage The ehTomatni 
Is often not conspicuous though it may be 
found in an elongated mass so character 
istic of this stage in the thin film The older 
trophozoite of P falciparum is verj small 
often non vacuolated the c>toplasm is a 
lighter color than that of P tnotorwe a-nA 
the pigment even at tins stage is nsnalb 
clumped m one or two lerj small masses 
Presegmenhng scK\ out In the pieseg 
mentmg stage of P i,ivax the cytoplasm is 


less tennous than in the trophozoite and the 
parasite i» generallj more compact m ap 
pearance The chromatin is divided into 
several more or less irregular masses and 
as the segmenting stage approaches these 
appear more rounded and are individually 
associated with smaller amounts of the cyto- 
plasm The pigment meanwhile is gradu 
ally collected into one or more definite 
clumps This stage of P malartae is very 
simitar to the corresponding one of P viiaa: 
and often i» difficult to classify in a thick 
film unless more readily recognized stages 
are present also When thu stage of P 
falciparum n found in the peripheral blood 
It is small compact irregularly shaped 
with deeply staining cj toplasm m which are 
embedded the vague magenta chromatin di 
visions and a smsll dense mass of dark 
pigment 

Segmenting schuont The segmenting 
schizoDts of the three species resemble very 
closely the same stages ui the thin film 
practically the only difference being the 
absence of the cell outline and a possible 
shrinkage of the parasite Species mav be 
dilTerentiated by the comparative size of 
the parasites and by the number of daugb 
ter cells It is unusual to find this stage of 
P falciparum except in severe cases 

Gametoeytes In the thick film it is im 
possible to distinguish the macrogameto- 
cvtes of either P vivaz or P malartae 
from the compact rounded or oval mature 
trophosoiles Microgametocjtes of these 
two species are more easily determined be 
caase of their large usually rounded nu 
deus suTTDunded by a small amount of very 
light stainmg or colorless cytoplasm eon 
taming numerous grams of prominent pig 
meat The nucleus stains more deeply 
comparatively speaking than in the thin 
film There is no other stage that resembles 
this closely In thick films which have 
dned slowly exflagellation of fully matured 
microgametocytes may occasionallv be ob- 
serrcd 

The gametoeytes of P falciparum are 
easily determined by their characteristic 
elongate or sausage like shape though it is 
often difficult to diiferentiate the sexes m 
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of 36 to 40 hours (b) Stage seldom seen in 
peripheral blood Veiy small solid ■with one small 
mass of chromatin lightly staining compact ytt 
plasm and with the very dark pigment usnally 
collected in one small dense block (e) <h)c mass 
of chromatin often elongated frequently leas defi 
nite in outline than that of tiiai Cytoplasm dense 
compact with feiv irregulanti s of outline in 
rounded oblong or eosnetinies band shape Pig 
ment granules larger darker than in vnar with 
great tendency toward peripheral arrangement 
Fills or almost fills normal cell (d) PesembI s 
closely same stage of P malirtae but is consider 
ably larger Pigment is lighter in color and less 
con picuous 

Freteffmentinff achi ont (a) Chromatin dmled 
into a number of masses cytoplasm shows rarving 
degrees of separation into strands and particles 
pigment shows tendency to collect in parts of the 
parasite (b) When found in peripheral blood this 
stage resembles the same stage of P tnahtnuc but 
is smaller and the pigment is bkely to be completely 
clamped in one small dark mass (e) Same ns 
ttinx except th*it the parasite is smaller and shows 
fewer divisions of chromatin as it approaches seg 
mentation (d) About 25" of infected cells are 
definitely of oval shape Usual picture is that of 
a round parasite in center of an oval cell Afany 
cells with indeflmto fnnged outline Pigment 
lighter m color and leas coarse than in P molarice 

Segmentviff schuont (a) 13 to ^4 divisions or 
cierozoites composed of a dot of chromatin and a 
portion of cytoplasm The pigment is m one ot 
two clumps Parasite practically fills enlarged cell 
(b) 8 to 24 merozoites which are very small com 
pared to those of other species Rarely found in 
penphetal blood Fills about two thirds of normal 
sited cell (e) 6 to I** usually 8 or 10 mcrosoitcs 
m a rosette or irregular cluster Practically fills 
normal sued cell (d) Usually 8 mcrotoitcs ar 
ranged around a entral block of pigment 

Macroffameto yte (a) Dirk blue homogeneous 
cytoplasm with no vacuoles small compact dirk 
red usually eccentric chromatin abundant dark 
brown pigment scattered through cytoplasm When 
groivn usually fills or nearly fills enlarged cell Tho 
outline IS circular or ovoid and regular (b) Cjto 


or pink chromatin— usually centrally placed often 
with TOSicular area around chromatin mass Abun 
dant yellowish brown pigment throughout cyto 
plasm When grown about size of a normal cell 
Usually circular m outhne (1) Often the cyto 
pla m IS paler than in macroganietocytc — grayish 
blue or pink Loose diffuse light staimng gran 
nles or threads of chromatin scattered with 
nuiiii;rous granules of pigment throughout central 
half or more Of parasite Parasite possibly 
broader shorter and with more rounded ends than 
those of macrogametocyte (e) Same as tiiai ex 
ctpt in size When grown fills or almost fills 
normal sized cell (d) Distmi.uished from P mo 
toruic by size of infected cells and by Schuffner s 
dots Less easy to differentiate from iiiujr Bel 
dom or never contained in oval erythrocyte 

Staget in penplieral blood (b) Usually ring 
form trophozoites and gametocytes Other stages 
rarely found except in severe cases 

SeinaTl.t (a) More stages of growth likely to 
be seen jn ono film than in other species Gameto 
cytes appear early uj cycle (l) Parasites fre 
quentir more numerous than in other ufeetions 
Unlike other species— growth of asexual forms fol 
lowing tho ring stag take place in internal organs 
<c) Parasites arc usually more compact and hence 
appear more intensely stained than those of ott er 
common species Gametoevtes rarer than in other 
species appear late Least often found of 3 spe 
eies in United States (d) Bpcc rs not found to 
date in Lnited States Differentiation not pos ible 
in thick films 

In iktei films Btamed as mocimended 
tbe erythrocyte outlines are destroyed by 
lysis leivinff a bacJwground uhteli taries 
from deal light blue to mottled gray blue 
often in anemic bloods clouded tvitli nuclear 
and reticular remains of immature ery thro- 
cytes Against this background is seen the 
familiar purple or violet nuclei of the leuko 
evtes sometimes -with ragged cytoplasm 
The neutrophilic granules are indistinct or 
absent eosmopfiilic granules are usually re 


plasm possibly a deeper blue than in microgameto 
cyte Usually single dark red chromatin mass near 
center associated with concentrated aggregation of 
pigment darker than in m crogamctocyte Cres 
centio or sausage shaped about 1} times diameter 


of ervthrocyte in length possibly longer and more 
slender than microgametocyte (c) t^toilasm and 
chromatin same as tivai Pigment is abundant 
dark broim coarser than in luoi 'When grown 
usually fills tho normal sized cell Outline arenUr 
or ovoid (d) Distinguished from P fflalarme by 
size of infected cells and by Schuffner s dots Lesa 
easy to differcnliate from mar Seldom or never 
contained m an oral erythrocyte 

3f,CTOgometocyte (a) Light blue gray p^or 
almost colorless cytoplasm large diffuse light red 


taiaed tvith characteristic color and plate 
leU appear singly or m groups with dis 
tinetive texture and more or less hazy 
outline White cells containing malarial 
pigment are much more easily found in the 
thick 6lm thin m the thin film 

In the thick film the parasite minus the 
cell wall has mucJi the same appearance as 
m the thm film except that it ma\ seem 
smaller and more shrunken in the thicker 
portion of the smear The thm edge of the 
thick fifm resembles the thin film so closely 
that it IS very valuable to the technician 
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IIOKPHOLOOICALLT the tribe Anophelini 
IS Bn unusually homogeneous group of m 
sects and for the most part is rather 
sharplj differentiated from other tribes of 
mosquitoes particularly in the larval stage 
Adult anophelines are characterized 
pnncipallj b> the long palpi in the female 
club shaped palpi in the male a sestiture 
of hair rather than scales on the body 
and a rounded scutellum The last also 
occurs however in Megarktnus Absence 
of scales on the body is usually or fre- 
quently complete but a number of species 
have some scaling toward the posterior end 
of the abdomen and a few have scale tufts 
on the abdominal segments The palpi m 
both sexes are of about the same length as 
the proboscis Nearly all anophelines have 
spotted wings produced either b> a clump 
ing of dark scales or more usually by al 
temating spots of black and white Wing 
spotting however also occurs in other 
groups of mosquitoes 
The mouthparts of anophelines are sun 
liar to those of other mosquitoes but the 
number of maxillary teeth (consisting of 
fine serrations at the tip of the maxillae) 
has been given considerable attention m 
taxonomic work Internally the number 
of teeth and shape of the sclerotized plates 
m the pharynx serve to differentiate snb 
genera and other species groups ut tbe 
tribe The prmcipal characters are found 
in the toothed portion known as the phar 
yngeal armature (Christophers 1933) 
Among the characters of the male gem 
talia are the elongated sclerotized meso- 
some or phallosome which m the great 
majority of species is surmounted by one 
or more pairs of small leaflets The latter 


frequently vary in number and shape in 
different speties Below the mesosome and 
eonoecting tlie bases of the sidepieces is a 
membrane which in most of the nearctic 
species IS expanded on each side into a lobe 
having several spinelike hairs on the poste 
nor margin These lobes are called the 
claspettes or basal membranous lobes and 
the shape or arrangement of their spines is 
important in the classification of species 
The modified hairs on the sidepieces also 
show differences of subgenene value 
In the larvae tbe absence of an elon 
gated breathing tube distinguishes anophe 
lines at once from other mosquitoes The 
paired spiracles open into a large sclero 
tized plate on the eighth and ninth ab- 
dominal segments Tbe larvae are also 
charactenzed by the presence of palmate 
float hairs on the dorsum of some or all of 
the abdominal segments and sometimes on 
the thorax. These structures together with 
a peculiar pair of membranous retractile 
*rgans on the anterior edge of the thorax 
called the notched organs or retractile ap 
peodages) serve to suspend the larva in its 
habitual position in the water just below 
the surface film Below the spiracular ap 
laratus on each side vs a sclerotized plate 
Filh a row of teeth usually long and short 
ones more or less alternating on. the poste- 
rior margm These plates Lave usually 
been referred to as the combs but probably 
orrespond to the peeten in other Culieidae 
the true comb scales being absent in anoph 
eline larvae except in the first instar 
The larval pilotaxv is notablv consistent 
within the group in the number and dis 
poaition of hairs but differs considerably 
from that of other kinds of mosquitoes. Of 
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thick films In heavier portions of thick 
films partieularh -when the blood dnes 
slowlj mature gametocvtes assume a 
rounded, shape a change which would take 
place norniallj m the mosquito during the 
earlj stagp of maturation Usuallj tjpical 
forms will be found in the thinner edge of 
such films however 

Mixed xnfections Mixed infecticms are 
undoubtedly more prevalent than reports 
would indicate since the parasites of one 
species usualh predominate and the other 
species IS overlooked or not recognized »n 
examinations 

Fallacies and Pit- les tn TAicft Ptlm 
Examinations 

The inexperienced mierosiopist may be 
confused m thick film examination by dirt 
or bacteria from the skin, by dust particles 
on the slide h\ segetable spores >east cells 
or fungi from the air and by bacteria 
molds and protozoa or other contaminants 
from distilled water used in staining 
Hence great cleanliness should be exercised 
to reduce these artefacts to a mmimun 
Artefacts which may deceive the inexpen 
enced will be found frequently to he abo\e 
the blood plane or they may be refractile 


and fiKius out of the field unevenly Cocci 
from the skin maj stain like chromatin dots 
and maj resemble parasites if adjacent to 
blue stained particles of fibrin or cellular 
substance This rarely occurs more than 
once or twice on a single slide and numbers 
of free cocci will usually be found also, 
whereas in well stained smears free chro 
matin dots are rarelj found Thick films 
should not be diagnosed as positive on what 
appears to be onl> one parasite The para 
sites should be unm]j»takable or search 
should be contmued until others are found 
If this IS impossible later smears should be 
made 

Possihihly £>/ Detection of Parasiies 
by the Thick Film 

Manv malanologists believe that the 
number of parasites necessary to produce 
sjnmptoms of malaria as a general rule la 
more than the minimum which can ordi 
nanly be detected m thick films unless the 
patient has been recently taking antims 
larial treatment However m persons with 
extreme suseeptibilitj symptoms occur be 
fore parasites can be found in the blood 
stream In these case^ further subsequent 
smears should be made on successive days 
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The following 12 species and subsiieeies 
of the subgenns Anopheles may now be 
recognized m this territory with one addi 
tional Variety (pseMdopMnehpenntJ boydi) 
whose status is not entirely clear The ^rpe 
locality of each is shown following the date 
of publication 

JnopMei atiapoiV aniK 1906 FIordaKej* 
Anopheles barbeT\ Coq 1903 Plomme s Island 
lid. 

A opheles cruc\ans Wied 16 8 PenssylrantA and 
New Orleans 

Anopheles braSley\ King 1939 Brerard Coontj 
Fia (cructdM bradUyt) 

Anopheles georgusnns Iving 19 9 Broolis County 
Qa. (erueuiiu georgxanvs) 

Anopheles oeadeniahs D and K 1906 Stanford 
CniTeraity Calif (maoul auet m fart) 

Anopheles freebornx A tken 1930 Davis Calif 
(mneui pennts freebomt) 

Anopheles pxinctxpennis (Saj) 18 3 Tinted States 
An phetes {i«eudopan«tiyeaau psevdopanolipe ns 
Theob 1901 Grenada 

Anopheles pseudopanet pennis franoiscanus tteC 
loot CahfoRi a (Stanford Un vcrsity) 

Anoihel s I psendop net /lennu boydt Vargas 
1939 California 

Anophsles quadrmaevlatus Say IS 1 Northwest 
Temtorv 

^soyAeles waZlert Theob 1901 Lake 8 nteoe On 
tario Canada 

Another speciea or subspecies belonging 
to the maculipennis series Anopheles a te 
etes Hoffmann (1935) (mucuZtpennu azte 
cus) occurs in the highlands of Mexico 
TVith referenLC to A occidenfRhs this 
species has usually been referred to in 
North America as A macvhpennts and 
s'as 80 treated bj Dtar (1928) and by 
Matheson (1929) Edwards (1932) listed 
it as a questionable variety of the Euro- 
pean form while Dampf (1935 1936) and 
Bates (1940) thought it could be regarded 
as a separate species Slartini (1933) and 
Dampf pointed out that the male genitalia 
differ from those of the tjpieal A maeult 
pennis of Europe and are more nearlv re 
lated to A labranchiae and A airopart us 
The species was originally described on 
the basis of the area of pale fringe scales at 
the tip of the wing Freeborn (1926) 
howeier stated that this form in California 
seemed to be limited to a narrow stnp 
along the coast whereas material from m 


land localities did not have a distinct spot 
Aitken (1939) proposed a new name A 
maeultpenms freeborm for the dark tipped 
form finding additional difference m the 
eggs larvae and pupae but not in the male 
terminaha He considered that typical A 
niMultpennis does not occur m this coun 
try Dampf stated that A a teens Hoff 
maim does not differ m male genitalia from 
A ocetdentalis but does in the number of 
compartments of the egg floats One of the 
present writers (King) has noted that lar 
val specimens of a tccus (obtained in 1930 
from Xochimilcbo and from the Lerma 
Rtver in Mexico D F ) differ rather mark 
edij in the inner anterior cljpeal hairs 
which are widely separated and very long 
and stout in comparison with A oceidentalis 
or A freeborm 

Dr S B Freeborn in a personal com 
munication indicates that he is m favor of 
retaining all three os subspecies of A 
maculipenms (m order to show relation 
ship) and this has been done by Aitken in 
a valuable forthcoming monograph Stud 
les on the Anopheline Complex of W estem 
America Since there are appreciable 
differences m the spmes of the claspette 
however it is believed that the American 
forms should be separated specificallv from 
A maculipenms ss and this opinion is 
concurred in b> Dr Alan Stone of the Na 
tional hluseum (personal communication) 
The writers are also of the opinion that 
these three forms as well as those of the 
crwcionj group represent distinct species 
end could well be raised to a specific status 
This has the advantage of eliminating the 
use of triple names 

Two larval forms of A uolken have 
been described by Bradley (1936) but 
Matheson and Hurlbut (1937) were of the 
opinion that the differences were merelv 
variations The characters are entirely 
sunilar however to those that have been 
Through the ki doeu of the author a ropy of 
the maau e pt of this work has beeo made avail 
able to Iho present writers whith has made it 
pose Ue to laeorpo ate some of its information in 
tbe pr sent review 
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special note are the frontal held hairs 
whicii consist ot three pairs usuallj large 
and plumose placed in a straight line 
across tlie middle of tin head capsule or 
frontotijpeus Lar e plumose Intcial hairs 
occur on the tlioricie oe^ineiits and on the 
first three abdominal segments Toward 
the front ot the liead there arc tlircc pairs 
of so called clvpoul haiis the two anterior 
pairs especiallv being used extcnsiielv in 
identification On (he leiitral side of the 
thorax are threi piired groups known as 
the pleural hairs the points of origin of 
winch corrtspond to stuicturcs found on 
other dipterous laiiae and are bchcied to 
be the remnma of larval legs in tins order 
The character of Ihesc hairs tends to he 
correlated with other ehai actors that differ 
eutiate fiub„enera and other species groups 
A si stem of numbers lias been dei eloped 
for all the hairs of tlie fouitli mstar and is 
convenient for taxonomic work Porhai>s 
the most complete of the several lists pnb 
lished is tiiut of Pun {1931) 

In the lounger mstars a broad collar of 
dark chitin is present at tlic ba c of the 
liead decreasing in compatativc width with 
each succeeding molt Tins collar is useful 
in distinguishing lourth mstars Irom ear 
lier stages Third mstars so far as known 
have the hanm number of Jiatrs as in the 
fourth mstar but the number of branches 
of the blanched hairs is usually Jess A 
dotiilcd stud} of the pilotaxj of the differ 
eiit mstars of Aiiop/ielei ualketi lias been 
piesented bj IlurJbut (1938i) He states 
that the definitive form and position of the 
linirs ore alieadv evident m the second 
mstar but that ctrtnui hairs are Jacking 
and the mimber of branches of other Bairs 
IS still further reduced In the first mstar 
he finds that manj of the hairs differ sink 
mglv 111 form and position from tho e in 
the next mstar This author has also made 
a stud} of the carl} mstars of otlicr species 
and lias prepared a key (m press) for the 
jdentificatcon of first mstars of the com 
jnon Soiithein species 

In the pupa of auophelines the air tram 
p<ts invariabl} have a short base and a 
wide opening usually decidcdl} flared in 


appeninnce filiis has proved to be a verj 
useful character for lecogni/mo Anopheles 
pupae 111 field collecting There is also a 
stout black spine on the posterior corners 
of abdominal segments 3 to 7 vvbile the 
eiglitli Rigmeiit lias a similar stout spine 
usually with plumose lateral branches 
Edwards (1912) separates the pupae of 
this tube by the fact that the apical lateral 
hair of the abdominal segments is placed at 
the eomei of tiie ser,ments whereas it is 
well avvav from the corner m other mos- 
qu'tocs As a rule the number of branches 
of the pupal hairs is subject to considerable 
variation but sjieeific differences have been 
found in some cases The pupal characters 
however do not appear to be'of much value 
ior the separation of lusher ^.roiips 

The e^„s of anophelmes ore boat shaped 
111 outline ami tlieir most distinctive fea 
tiire IS the presence of floats or hydroatatic 
or,.nns on ndi side These floats are di 
videil into a number of smill compart 
incuts filled with air The surface of the 
egs IS finelv retienlntcd and the outer mem 
brane oi exotlionon on tlie dorsal surface 
vanes considerably m pattern The egg 
characters principally those of the floats 
and dorsal pattern have been studied ex 
teiihively in recent years and have been cm 
jiloyed for the separation of closely related 
species and subspecies particularlv those 
of the maculipenms group 

CLABSiriCATlON 

The ntiophc lines of the world are divided 
by Edwards (1932) into three genera — 
Anopheles Chagasm and Ilironella, and 
tlie genus ^jiophcies into four subgenera — 
Anopheles Mijzomyia Nyssorhynchits and 
Slethoinyia Dynr (1928) recognized only 
the sm„ie genus Anopheles m the Amer 
icas with Anopheles Chngasia Kerteszia 
and Nyssorhynchus as sub„enera (Stron 
ella and Myzoniyxa being limited to the 
Old 'World) Except for Anopheles albi 
nianua which is found m the lower Rio 
Grande \ alley, all the anophelmes of the 
United States and Canada belong to the 
subgenus dVnopheles anti also to the group 
Anopheles as defined by Edwards 
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The following 12 species and subspecies 
of the subgenus Anopheles maj now be 
recognized in this territory with one addi 
tional variety {pseudopuncttpennts hoydi) 
whose status is not entirelj clear The 13710 
localit3 of each is shown following the date 
of publication 

AnopheleiatroposD andK 1906 FlondaKeys 
Anopheles barien Coq 1903 PlumiDcri Jaland 
Md. 

AnopheJet crunans TV ed 18 S PennsjWaB a and 
Kew Orleans 

Anopheles braileyi King 1939 Brevard Conntj 
Pla (cnicioii* irodleyi) 

Anopheles georgiantis King 1939 B oolis Connlj 
Qa. (rrucMM georgianus) 

Anopheles oectdentalis D and K 1906 Stanford 
Univera ty Cal t (manil pennxs a\jct in part) 
Anopheles freelomx Aitken 1939 Davie Cabf 
(maonl peanis freefcornt) 

^fle;keleaptiiic(tp«aata (Say) 16 3 Urited States 
A ophel s psndopunetxpennis psevHopjtnehpsitnts 
Tbe«b 1801 Grenada 

Anopheles pseudop net penau froneueonus MtC 
1904 California (St sford Usircra ty) 

Anopheles t peeutepuecripennu bojrti Targaa 
1939 Cal fornia 

Anophelee quoArmacvlatue Say IS 4 Nortlivieat 
TerritOTY 

inopAetei wslkm Thcob 1901 Lake S meoe On 
tar 0 Canada 

Another species or subspecies belot^ing 
to the macuhpennis series Anopheles a te 
cus Hoffmann (1935) (macuhpennis a te 
cus) occurs m the highlands of Mexico 
With reference to A acctdenfofis this 
species has usuall3 been referred to in 
North America as A maculipenjits and 
was so treated b} D3ar (1928) and by 
Matheson (1929) Edwards (1932) listed 
It as a questionable variety of the Euro- 
pean form while Dampf (1935 1936) and 
Bates (1940) thought it could be regarded 
as a separate species Martini (1933) and 
Dampf pointed out that the male genitalia 
differ from those of the t>pical A moeuli 
pennis of Europe and are more nearly re 
lated to A lahranckiae and A atropanvs 
The species was originally described on 
the basis of the area of pale fringe scales at 
the tip of the wing Freeborn (1926) 
howeser stated that this form in California 
seemed to be limited to a narrow stnp 
along the coast whereas material from in 


land localities did not have a distinct spot 
Aitkcn (1939) proposed a new name A 
maeubpennis freehornt for the dark tipped 
form finding additional difference in the 
eggs larvae and pupae but not in the male 
terminaha He considered that typical A 
macuhpennis does not occor in this coun 
try Dampf stated that A a (ecus Hoff 
maon does not differ in male genitalia from 
A acetdenialts but does in the number of 
compartments of the egg floats One of the 
present writers (Kin„) has noted that lar 
val specimens of aziectis (obtained m 1930 
from Xochimilcho and from the Lerma 
River in Mexico D F ) differ rather mark 
ediy in the inner anterior cljpeal hairs 
which are widely separated and very long 
and stout in companion with A occidentahs 
or 4 freeiornt 

Dr S B Freeborn m a personal com 
munivation indicates that he is m favor of 
retaining all three as subspecies of A 
moeuUpennis (in order to show relation 
ship) and this has been done by Aitken in 
a valuable forthcoming monograph Stud 
les on the Anopheline Complex of W estern 
Amenca Since there are appreciable 
differences in the spines of the claspette 
however it is believed that the American 
forms should be separated specifically from 
A macuhpennis s s and this opinion is 
concurred in by Dr Alan Stone of the Na 
tional Museum (personal communication) 
The writers are also of the opmion that 
these three forms as well as those of the 
crucians group represent distinct species 
and could well be raised to a specific status 
This has the advantage of eliminating the 
use of triple names 

Two larval forms of A ualken have 
been described by Bradlev (1936) but 
Matheson and Hurlbut (1937) were of the 
opinion that the differences were merely 
variations The characters are entirely 
similar however to those that have been 
Through the kindness of the autbo s copy of 
the mamiac pt of this work has been made avail 
able to the present wr ters which has made it 
poas ble to incorpo ate some of its mfonsation in 
the present review 
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PLiTS I Wiagg of Bsarctic A enuian* t) ma^ulipfuntr C pt/netipennit D pstvdo 

rw«e<ipe»ni» E u-alXen T atropot O H (fi-om Kiag Bradley and McN el 


found reliable m some ot the oriental ape 
oies 80 it would appear desirable to recx 
amine the question m larger series o£ spec 
imeus 

As might be expected in view of its wide 
range A puncUpennts shows a great deal 
of \arntion in the inng marl mgs and to a 
lesser degree in larval characters The 
wings usualh have large and ver> distinct 
white Spots but the white ma> be gTP»U> 
reduced or even practically lacking m some 
individuals A series of specimens from 
central I londa placed beside a series from 
the Northwest would almost certainly he 
taken for different species at first glance 
The dark form has m fact been described 
as another sppcies ^Anopheles perpltians 
liUdlow 1907) which was placed in svn 
onymy as all intetgradations appear to 
occur 

The taxonomic status of AnopAefes 
pseMiJopunchpcnnis m the United States is 
somewhat confusing at the present tune 
Anopheles franctscanus was described 
from California by McCracken m 1904 but 


later placed as a sjnonvm of A pseadij 
puwclipenms Freeborn (1926) noted that 
the mesosome of male specimens m Cali 
forma were without leaflets although these 
had been recorded as present in material 
from Mexico Vargas (1939b) described 
Anopheles hoydi as a California species 
differing from the typical pseudopunctt 
pennts in certain egg cJiaraoters Aitkeii 
(1941) after an extended study has come 
to the conclusion that typical pseudopjinc 
tipcntiis does not occur m California and 
and thit the common form in that region 
IS /ronciscaiiKS which he treats as a sub 
sjiecies of jiseudopunctipennis Tins form 
has very delicate mesosomal leaflets He 
tliinka that ioydi may be a variety of 
franctscanws represented by the materiil 
in which the leaflets are Iiekiog 

One of the distinguishing characters 
given by Aitken for the California liiatenal 
(both forms) IS the absence of taiU on the 
larval spiracular plate These have been 
described from tropical material and irere 
noted by Aitken on specimens from Nrw 
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Tio 1 Do sal ii&i 8 of Urra of JaopA«I«j fud iDMiniiaf $ A head andpart of protho ax B ab- 
donunal segmecti 4 and 5 (after Eing Brsdlej andhfeKeel 1939) 

Mexico and Texas Among a few larvae ent in some but lacking m others Further 
from these states examined by one of the study of adequate material -mil be required 
present writers (King), the tails are ppe»- to determin" whether both /ronctscontti 
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>10 2a. Male termuialw o< puncttpeiiata (afUr Root Amtr Jour Byg 3 264) 

elas^tte apiaes of Jnophelea cnictona* (after King ^iMer Jour Trop Uti 19 461 1939 } 


b 


and the type form are present m these 
areas 

Identification 

Brief keys are appended for tlie identifi 
cation of the nearctic species by adolt col 
oration male terminaba and larva! pi 


lotaxy A a^bimanur although occumng 
in extreme southern Texas has not been 
included as it is chiefly a tropical species 
and will be treated by other authors m the 
section covering tropical America Both 
the larvae and adults are easily distin 
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guished from the nearctic species IIIos 
trations of the ivaiigs of the nearetic species 
are given in Plate 1 the general larval 
characters in Fig 1 and the male termi 
nalia in Fig 2 

Kit to Auclts 

1 mgs with areas of wh te Males on Uia veina £ 
t\mg veins entirelj dark sealed — ^ 

" Casta with ft white spot at the outer third (op 
posite tip of auheostal veu) anftl rein with 
one or two areaa of dark scdea . — . 3 

Costa dark except at extieme tip of wing anal 
vein with three dark spots separated b; white 
apical aegment of palpi pale and aegments 3 
and 4 with narrow pale bands or a few pale 
scales at base and apex 

Anopheles enieuint group 
3 \ems 3 and 5 entir«l7 darksealed wing fringe 
without pale spots at tips of t< ns apieal half 
and baa^ one fourth of anal reut dark sealed 
palpi dark unbaaded. AMp\eU» paaetipennu 
Verna 3 and with long pals areas « ntrallj 
wing fringe with pale spots at tips of veins 
apical half of anal vein dark basal half 
wh te apical palpal segaent of female either 
sntirelF pale or dark t pped a narrow nng 
at boae of fourth segment 

dnophtlet pseudofanet peanu 
d ^Tinga Qsspotted palpi and legs dark sealed 
mesonotal bristles verp long the average 
length about one half the width of meeonotum 
A email speciee Anopheles barbm 

^ings with spots of da V scales more or less 
dist net or palpi with imgs of white scales 
mesonotal hairs compaietivel/ short 5 

5 Palpi narrowly but usually distinctly ringed at 

apev of the apical segments knee spots p es 
ent Anopheirs valken 

Palpi dark scaled (faint white r ngs sometimes 
present at base of apical segment in 
atropos) 6 

6 Wing spots indistinct knee spots absent gen 

eral coloration very dark Gulf and Atlant e 
Coasts AaopheZes ntropos 

Wmg spots usually distmct color brown. 7 

7 T p of wing with a patch of silvery or golden 

fringe scales da k wmg spots very pro 
nounced Northern and Western distritnition. 

dnopheUs ocetdenlalu 
Wing frmge dark 8 

8 Occurs east of the Bocky Mountains 

Anopheles ^uadrsmaevlottis 
Occurs west of the Bocky Mountains wi g 
spots usually more distmct than m qaadn- 
TOaeuIalus Anopheles /resbonit 

KST TO Male Tirminalia 
1 Mesosome (phallosome) without leaflets elasp 
ette bilobed the outer lobe prominent oval 


with two or three flattened spmes at apex 
the inner with two Slender spines 

AnopMei larben 
Mesosome with leaflets or clispette not as 

I^flets of mesosome serrated (lack ng m some 
California specimens poss bly var ety hojidi) 
claspette bilobed with two or th ee spines at 
the apes of each lobe those on. the dorsal 
lobe short and flattened ninth tergite without 
processes -Anopheles pseudopunetipennis 
Leaflets stout nDuserrated 8 

3 Outer (dorsal) sp nes of claspette stout bluntly 

rounded sometimes expanded at tip or partially 
fused 4 

8p nes of claspette not os above 6 

4 Ptecesses or arms of ninth tergite short stout 

usually expanded at apex outer spines of 
claspette frequently fused at apex 

Anopheles quaSrimaeulatMi 
Processes comparatively slender and pointed o 
slightly rounded S 

5 Meso omo with second pair of leaflet f om apex 

more than half the leegtb of the flrst pair 

Anopbetti ualbert 
Second pa r of leeflets no more than half the 
length of the flrst pair Anophelet atropos 

6 Claspette with one Urge apical spine tipered 

to a sharp point and ono oi two ilendei ex 
temal sp nes rounded o si ghtly tapered at 
t p anus of ninth terg te ahort ns ally stent 
expanded or obi quely truncate at apex 

Aaophelee pu etipennu 
Claspette nsually with three or four apical and 
external spines all acute 7 

7 Sidepiece with scales usually numerous clasper 

without vestitura of fine hairs claspette lobe 
% lai^rular in shape 

Anoplicles ervom s group 
8 dep eces w th few f auy scales basal third 
of clasper with numero s flue nonpapUlated 
hairs (Aitken) claspette us ally rounded 8 

8 A ms of ninth tergite short stout 

A opheler occidentolis 
Arms of ninth tergite comparatively long an! 
alender Anopheles / eeborni 

Ket to Lakvab (Footte Instar) 

k Abdomen w th plumose lateral hairs On first six 
segments f ontal bead hairs (hairs 6-8) zai 
nute simple Anopheles iarbe t 

Abdomen with plumose lateral ha rs on first 
three segments only head w th la ge plumose 
frofttal ban 2 

* Outer clypeal ba r (hair 3) b anched 3 

All clypei hairs simple the inner pair (hair ") 
well separated postspiracuUr plate with or 
without a slender blackish tad postenordy on 
each side leaflets of palmate hairs ending in 
long slende filaments 

Anopheles pseudopu etipennis 
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3 Outer djpeal bairs sparsely feathered or 

braoched (5 to 10 abort branches) on apical 
half inner clfpenl hairs aparaelj feathered 
at tip Anophelta atropo* 

Outer clypeal hairs thickly branched the branch 
mg dichotomns _ _ - 4 

4 Inner clypeal haira with sparse, minute feather 

ing toward tip hair 1 of prothorilx with three 
to five strong branches from near base 
bair 0 of abdominal segments eemparatively 
large with three to seven branches (Speei 
mens from New lork State have been ob 
served with tb se last two hairs undifferen 
tiated ) -dnopAeles iiaRceri 

Inner clypeal hairs simple (or sometimes forked 
toward tip) hair 1 of prothorax short, single 
or weakly branched at tip - 5 

5 Abdominal segments with two eonspieuons 

tufted hairs (hairs 2 and 0) anterior to pal 
mate hair these hairs usually approximately 
equal in sixe and with four to nine branches 
on segments 4 and S, lateral hairs (hair 6) 
of segments 4 and S usually bran bed at about 
basal third - Anophtles erunaiit 

Anterior euhmedian hair (hair 0) vestigial 
astepalmate bair (hair ^) on segments 4 and 
6 usually with no mote than 3 branches 6 

6 Palmate hairs on segments 3 and 7 welt de 


veloped the leaflets broad and mostly serrated 

toward tip — 7 

Palmate hairs on segments 3 and 7 less de 
veloped than those on segments 4 to 6 the 
leaflets slender and mostly noaserrated or 

rudimentary 8 

7 Basal tubercles of inner anterior clypeal hairs 
separated by at least the diameter of one of 
tbe tubercles antepalmate hairs on segments 
4 and 5 usually single leaflets of palmate 
hairs sometimes developed on segment 2 

Anopheles quadnmaailattts 
Basal tubercles of inner anterior clypeal hairs 
separated by less than their diameter ante 
palmate hairs on segments 4 and 5 usually 
double. _ __ Anopheles punelipennis 
Anopheles freeiornt 
and Anopheles oeetdentaliS 
6 Five pairs of functional palmate haira (seg 
ments 3 to 7) antepalmate hairs an segments 
4 and S single or double Gulf and Atlantic 
Coasts — - - - Anopheles hradleyi 

Three pairs of functional palmate hairs (seg 
ments 4 to 6), these on segments 3 and 7 
rudimentary or only slightly developed ante 
palmate hairs on segments 4 and 5 three to 
five branched Inland Georgia 

Anopheles peorgunvs 



DISTRIBUTION OF THE NEARCTIC SPECIES 
OF ANOPHELES 


By W V KING and G H BRADLEY 

BUSEAU OP ZNIOlfOLOOT ARD PLANT QOABANTINS tTNITEO STATES PSPASTUENT OP AOBICCLTDM: 

VASniHOTOK 9 C 

A CONSIDERABLE list of locslity rccorfs of California by Herms (1929) for New 
North American Anopheles was publisheij Mexico by Barber and Forbnch (1933) 
b> Howard Djar and Knab (1917a) and and for Minnesota bj Owen (1937) 

Djar (1922) to which many othaa ha^e The recognition and classification of moa 
been added Kumm (1929h) m recording quitoes have had a gradual development 
the distribution of malaria carrying moa since about 1900 but some of the earlier 
qmtoes of the world assembled most of the identifications are questionable During 
available records for six of the species of recent years there has been some activity in 
Anopheles covered in the present article tbe separation of closely related species or 
qitodrimaeufo^us macKhpennis punctipen subspecies which also complicates the mat 
nis crucians pseudopunchpennis and at ter of previous records 
himanve Small scale maps showing their For the present article small scale maps 
distribution were included Since Lumm s (Figs 1 to 4) have been prepared to show 
publication additional records hav e become the distribution of the species in the United 
available and maps showing Statewide States and southern Canada For the com 
distributions of anophelmes have been pub moner species the areas in which they are 
lished for Mississippi by Perez (1930) for known to have a more or less general dis 
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MAI.ABIX 



Fio 2 ilnopAelM fl’Uctanj A brodl^i/t A gei>r{fi 
anva and A alropoa 


tnbution nre indicated b\ shading mth 
solid lines while broken lines are used to 
indicate areas of probable or scattered oc 
currence Indmdual localitj records are 
shown approsimatelj bj spot marking 
around the peripherj of the shaded areas 
to indicate the present arailnble informa 
tion as to the limits of range For the less 
common species all the locdht} records base 
been spotted in except that m the case of 
closelj grouped localities a single spot may 
represent ses eral records The specific 
localities represented bj the spotting and 
the sources, of the records (many unpub 
lished) are gnen m the locality records 
but for lack of space the complete fitera 
ture citations base had to be limited to the 
general mention of the works m other parts 
of the text For the same reason locality 
records for most of the shaded areas base 
been omitted In citing the authonlies for 
the records gisen the names of Howard 
Djar and Ivnab (1917a) base been abbre 
viated to n D and I\. 



An unexpectedlj small number of rec 
- ords is to be found m these lists for such 
states as Pennsjhania Ohio Indiana Mis 
sotiri Iowa Kansas and 01 lahoma Since 
cfldemic malaria is known to occur m por 
tions of these states the paucitj of records 
ma> be attributed m part to lack of collee 
tiona or publication There are almost no 
published records for some of the region 
east of the Rock> Mountains 
While it Is possible that a part of this 
region is free of nnophelines recent eorre 
spondence with workers in these states has 
brought out new records included here 
for certain parts ot Nebraska the Dakotas 
and Iowa Of special interest is the discos 



Fio 4 AnepJttlet pseviipvneUpeitnii A Icrlarx 
aodA vailen 


eiy of Anopheles occidcntolw in Iowa and 
northwestern Nebraska 

Anopheles albimanus Wied 
Anopheles albmaniis Wied is princi 
pally of tropical distribution and is knoivn 
to occur at present m the United States 
only in the lower Rio Grande Valley of 
Texas It was discovered m Key West 
Fla m 1904 but apparently was elimi 
nated from that locality Localitj records 
are available as follows 
T*Ma BrownsviUe (Dyar 19 8) Limited to 
Omeron and Jlidatgo Counties (Kumm 19 9) 
Caoicron County and Brownwille (King 1937) 
Doim* (P T Bibcrd coll 12/'>4/39) Cameron 
lUdalgo Willacy and Jim Wells Counties (notes 
/roni T E McGregor to I C Bnhopp 1940) 
rionda Kct West (Gardner 1904 0 N Mac 
Dod«U II D and K 1918) ^ot found on tbe 
Florida Keys iioco 1904 (King 1937) 
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Anopheles atropos D and K. 
Anopheles atropos D and K. breeds m 
salt marshes and occurs on the Gulf and 
Atlantic coasts from Texas to Maryland 
Adults have occasionally been encountered 
in large numbers Locality records are 
available as follows 

l/aryland Chesapeake Beath and Cnefield 
(Bishopp Cory and Stone 1933) 

Fjtjwho Onley (Bishopp Cory and Stone 1933) 
South Corofina Parrie leland (King Bradley 
and JIcNeal 1939) 

Florxda Florida Keys (type local ty Djar and 
Knab 190S) New Smyrna Loslmana BiTet 
Sebastian Inlet Atlanbe coast in lODthem Florida 
(King Bradley and MeNeel 1939) Key West 
(Fisk 1939) 

Jlabama Bayon Labatre Mobile Cotmty (On( 
fitts 19 7) 

Mueuetpin Gulfport (Beyer 19 3) Cat Island 
Ship leland Gulfport (Komp 19 6) Lake Bourne 
LighthoQse Po nte nux Chenes BJoa (Cnffitta 
19 7) 

Lotmtana Burns (Pyar 19 ) Terrebonne 
(Byat 19’ identified as anlken ef Hininan 
193 ) Freshwater Bayou Nenothon Faiub 
Bayou Terrebonne Cocodrie (Beyer 19 3 and 
19’fi) Bures (Giifiltts 19’ ) Burns and G and 
Bayou (Dininan 193 } 

Texas Corpus Cbrsti ( /1/34) Fort Laeaca 
(2/6/34) (CWA colUcUona determined by AUn 
Stone) Galveston (Dr Mattes coll 1939) 
iisxico Provis onally dentified by Martini 
(1933) but the record repotted as in e ror by 
Hoffmann (1936) 

Guta Onente Province (Carr Melvndet and 
Bos 1940) 

Anopheles iarieri Coq 
Anopheles barbers Coq a tree bole 
bTccder is quite widely distributed in the 
Southern and Eastern States but because 
of its limited habitat is not commonly 
found Matheson (1929) states that the 
most northern record of its occurrence is 
Ithaca N T In its wealeni range it has 
been recorded from eastern Missouri to 
southeastern Texas Locality records are 
available as follows 

Veto Fo fc Ithaca most northern point (klatbe- 
son 19 9) 

New Jer ey Bo dentown and Chester (J B 
Smith quoted by Headlee 19 1) Morru and 
Union Counties (Mulhem 1939) Passaic Bergen 
Miadleecx and Camden Counties (Mulhem 1940) 
Maryland Plumme s Island and Cabin John (H 
D and K ) 


rirgiaia Bluemont and Woodstock (H D and 
K.) 

Kentaely Paducah (O E Quinby coll. 
6/10/39) Wickliffe Holloway Landing Murry 
^tnn Arlington (Q E Quinby coll.) 

Miasoun Saint Loma (H D and K ) 

\orih Carol a Tryon (H D and K ) 

South Carolina Columb a (H D and K.) 

Florida Tallahassee Gainesville (King Brad 
ley and MeNeel 1939) 

Jlabama Colbert County (Shields and Miles 
1037 Shields and Lackey 1938 Sheldsl9 8) 
Tennessee BeeUoot Lake (Brown and Pearson 

1938) Norris (Sh elds 1938) 

Mwsurtppt Agricultural College (H D and E ) 
Jrhonsas Lonoke County Mt Nebo (Ttubaulti 
1910) Scott (H D and K ) Sontbeastern 
Arkansas (Hcpislall 1937) Inttle Rcrtk (Carpen 
ter 1939) 

Lonutaaa Mound (King Bradley and McNeel 

1939) Ouchica Parish (E B Johnson eoU. 1938) 
Texas Houston (M Martin eoll 1938) 

Anopheles ervetans Wicfl 
The range of Anopheles crucians Wied 
IS nearly as wide as that of A guadnmacu 
ta(u$ in the Eastern and Southein States 
but It IS primarily a speciea of the coastal 
plain and inland is almost always much 
more restricted both m abundance and in 
local occurrence than is quadrmaculatus 
Toward the coast it is frequently the pre 
dominant anopheline and probably reaches 
Its greatest abundance m the southern half 
of Florida where the larsae are commonly 
found in pure culture in the cypress 
swamps and other tjrpes of breeding places 
In the vicinity of salt marshes unless the 
identifications have been based on larval 
specimens records may include the similar 
coastal species bradleyi 

The general distribution of crucians may 
be described as follows From southern 
New York Connecticut and New Jersey 
through the Southeastern States to central 
Texas and Oklahoma and northward to 
southern Illinois and Kentucky It has 
also been recorded recently from one iso 
lated locality in New Mexico No records 
are at hand from Missouri Indiana Ohio 
or "VS est \ irginia although it may occur in 
some o these areas Outside of the United 
States it is found in Cuba and other islands 
m the Caribbean area and on the east coast 
of Mexico Locabty records for the north 
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era and western portions of its range are 
as follows 

New 7 ot1c Bellport (H D and K ) Sontbein 
New York (Matheson 19‘’9) Amaganaet Pt 
Hanulton (quoted by K omm 1929) New York 
City ( MB ” 1939) 

Ifassachttsettf Ocleaaa (TuUoch 1939) 
Conneefjcut Beported in State (Botaford and 
Turner 1933) 

Illinoii Hemn (Kumm) East Saint Lonia 
(collected 1937 notea from P C Biabopp) 
JSTenlucti/ Mercer McGee Spnnga Loiuanlle 
Bardwell Eaat Bematadt Kent and Wkiteley 
Countiea (notea from O E Quinbr 1940) 

OXlahoma Stillwater (Gainea Eddy coll 
7/4/37) Muae (D E Howell 1940) Colgate (L 
E ttoseboom 1040) 

Texas Buena Galveaton Tyler (H I> and 
E ) Pt Ringold liCon Spnnga (Ludlow 1914) 
Bialnlle Ellington Field Ft Crockett (quoted 
by Eumm 19-9) Houaton (Matthea 1935) 
BrownsnUe (Barber Komp and King 1929) Sea 
brook (CWA coll 1934) 

New iffttico Artesia Pecoa Valley (Barber 
1939) 

Anopheles iradleyt Sing 
Anopheles hradleyt Smg breeds in salt 
marshes and has almost the same distnbn 
tion as A atropos along the Gulf and At 
lantic. coasts The two species apparentlp 
do not often breed together liowever, as 
iradleyt occurs in brackish water while 
atropos seems to prefer water of higher salt 
content 

Loeabty records King (1939) gave tbe known 
localitiea from wbich larvae of tbis form bad been 
idenbfied. These are as follows Ocean City Md 
Parns Island S C 8t Johns Hirer (Brevard 
County) Apalachee Bay and vanous coastal loeali 
ties in Florida Coden Ala St Bernard Pamb 
Buras and Grand Bayou La Additional specific 
localities m Florida are the counties of St Johns 
Volusia Brevard Indian River St Lneie Brow 
ard Bade Manatee and Hillsboro (coUeetioiis by 
the writers) Vargas (1940) states that larvae of 
this form have been identified from sabne pools in 
the State of Vera Crta Mexico 

Anopheles georgtanus King 
Anopheles georgxanus King was first 
found by B E Bellamy in fresh water 
pools m Brooks County Ga and subse 
quently was collected by him m Snmter 
Terrell and Thomas Counties (Bellamy 
laS?) Jlaterial from several of these 
areas was examined by King (1939) m de- 
scribing the variety No other records of 
Its occurrence have been reported 


Anopheles occidentalis D and K and A 
freeborm Aitken {macuhpennts 
auct ) 

Anopheles macuhpennts has been re 
corded from southern Canada and the 
northern part of the United States from 
Quebec Marne and Massachusetts west 
ward the Rocky Mountain region from 
southern New Mexico northward and the 
Pacific Coast from Alaska Yukon Tern 
tory and the Praser Valley in British Co- 
lumbia to Baja California m Sfexico In 
California and Oregon freeborn with the 
dark tipped wing is said to have the wider 
distribution while ocetdentalis is said to be 
lunited to a narrow strip along the coast 
from San Luis Obispo northward The spe 
cies occidentals is the one that extends 
across southern Canada and the northern 
part of the United States including also 
Nebraska and Iowa the species freeborm 
extends into New Mexico and aeco^dlng to 
Aitken (1941) occurs throughout the 
Rocky Mountain region west of the Dmde 
as far north as Montana and possibly south 
era British Columbia where the two are 
thought to overlap Another species aete 
CVS HoSmann is found in the high table 
lands of tbe Valley of Mexico 
In some of the earlier work with Anophe 
les mactiltpennxs specimens having a dark 
wing tip were identified as quadnmacula- 
ius, so the latter was probably credited 
erroneously to Utah Ufontana and Colo 
rado (Howard Dyar and Ivnab 1917a) 
Locality records for Anopheles occtden 
talts (based principally on the distnbu 
tional data or confirmed identifications in 
dicated by asterisks as given by Aitken 
(1941) Most of the records except those 
of Howard Dyar and Knab (1917a) and 
Aitken were reported as maculipenns) 

Atasia Ft Gibbon (H B and K ) Alaska 
(Tulloeh 1934) Gilmore (Tullooli spec-mena) and 
Anchorage (Aitkm 1941) 

Yiitea Terntory Hootalingua (Dyar 1920) 
Valley of the Mayo River (HD and K.) 

irorthv.est TemtoT}/ Aklavik and Fort McFher 
ton (Aitken 1941) 

Rrtiwh Columbia Revelstoke (H D and K ) 
Between Chilliwack and Miaeion probably generally 
dutnbnted in the lower Fraaer Valley eouth 
em Okanagan Valley (Hearle 19 6 19-8) 8oa 
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derland (notes from B Matheaon 1940) A oee4* 
ientalM aad A /r#e6or>ii apparently overlap In the 
Okanagan Valley but ocfftdeBtfllw is the dominant 
form (Aitken 1941) 

^llierto Bilby and Banff (Aitken 1941) 
Soilalchexian Indian Head and Aloose Mouu 
tains (A then 1941) 

ifonttoho Elding Mt National Park (Gibson 

1940) Awetae (H D and K ) Saint Boniface 
(LndJow 1913) Winnipeg Whitemouth (Aitken 

1941) 

Oftlono Lake Buntoe (Ludloie 1913) Little 
Current Eirer Nagami Rvet Ottawa (H P 
and K ) Ottawa (Twins 1931) Kenora 
(Aitken 1941) 

Quebec Mimgan Eirer Gatineau Point (Aitken 
1941) 

3foi»e Noicroaa Weld (H D and K ) 

Aroostook County (liathrop 1939) 

Nev. Rampi\tre Be lin Falls and Center Hat 
bor (E D and E q adnnaeulatiH probably 
naeulipeneis in part see note under locality ree 
orda for the former species) East Jaffeiy Pub 
lin (Aitken 1941) 

IfosssehMetfs Lererett Pond near Amherst 
(Pnebem 19 3 quoted by Etima 19 9) 
Connecticut Stafford Springs (AKken 1941) 
f^eui Forb Eaeqoette Biret Baybrook (Mathe 
eon and Shannon 19'’3) 

AfieAtpan Ponglae Lake (Matheson and Shan 
non 1923) Qeimfaet (Aitken 1941) 

ITweonctn Statlake (Aitken 1941) 

Vinncsotn Baeswood Lake Saint Anthony 
Park (Uatheson and Shannon 19 3) Common 
or r much of the State oast of the praine eonntry 
map ihows numeroua localities one >q the south 
eastern corner (Owen 1937 list of the localibes 
IS given by Aitken 1941) Crystal Bay Cedar 
Lake Lske Nocotnis (Riley and Cbalgren 
(19 9T)) 

Jowa Wexford LeClaiie AUeodorf Black 
hawk Lake Des Voinea South FruitUod New 
Eartfo d (J A Bowe eurrey 1940) 

N hrocla Qlen S oux Countr August 1906 
(notes from M H Bwenk 1940 as guodninaea 
loftis two females from this collection identified 
by W V King as occtdcnfaiu) 

Worth Dakoto Pembina (Aitken Ibilt 
ifonfana Glaoet Pa k Victor (Pjar 19 9) 
Uanhattan (Mail 1934) Florence (W A King 
eoB Ma ch 1914} Plorence Missoula Helena 
Chinook Glasgow Powdemlle and Philli ps 
County (Aitken 1941) 

Idaho B erdal (Knowlton and Rowe 1939) 
Ooeui d Alene (Aitken 1941) 

Wyoming No records of Anopheles (notes f om 
5 W Scott 1940) 

ITosh gton Lake Whatcom (Aitken 1941) 

0 gon Portland (H D and K.) 

CaUfoma Reetncted to a narrow strip along 
the coa t from Sab Luis Ob epo north to Hftned T*" 
Northwest Territory (Aitken 1941 locality secords 
gi en prenons records for moeul pesaw by 
Berms and others listed by Kunim 1929) 


Anopheles freeborm 

Bniiih Columb<a Vernon J Pemberton (Aitken 
1941) 7 Oliver and Nicola Lake ( qnadnmacn 

latns Hearle 19 7 quoted by Alien) 

Ifontniui Hamilton (Aitken 1941) 

/doAo Boise (^ B and K. oceidentalu ) 
Fish Haven (Enowlton and Bowe 1936) 

Netada Keno Steamboat Springs (IL H and 
K oecideiitala ) 

Dtah Logan Utah County ( quodnmooo 
lotus ) Lehi ( oectdentalu ) (H P and K ) 
ifonay Salt Lake City Holiday Bear Lake 
Ibapah Zion Nat Park (Bees 1934) Benson 
River He ghts Appledale Amalga Enterprise 
Qeneva Logan Murray Fayson Salt Lake (Sty 
Public Shooting Qrounds (Enowlton and Bowe 
1935 and 1936) Lehi Saint George (Aitken 
1941) 

CotorOdo Hotchkiss Pelta (H P and E 
quodrimnouliifvs ) Appleton ( quoAnnUtevla 
tws Walker 1930) Delta (Aitken 1941) 

ATcto iletito Near lamungton San Juan 
Oiunty in San Jnan Eiver Valley Arriba (Egpa 
nola) Santa Pe Sierra sad Dona Ana Countiea 
10 the Rio Crude Valley (Barber Eomp and 
Eug 19*9 Barber ud Forbneh 1933) Battle- 
snake Springs on the Black River u> the Pecoi 
Valley (Barber 1939) 

r«ras North of S Paso (Barber and Forbrjch 
1933) Western tip ehiefiy in region between El 
Paso Va) Verde ud Oaines Counties (0 F 
Ooogle quoted by Aitken 1941) 

AnsoM Arivaea 6u Bernardino Ranch near 
Douglas (Aitken 1941) 

Citli/ovnin AnopheUe maevhpennu Occurs 
practically everywhere except in des rt areas and 
along the 8 erra crest the fringe spot present m 
epvcimens from the coastal atrip but almost im 
possible to distinguish elsewhere (abstract from 
Skeebora 19 6) A freeiom occurs throughout 
the inland regions end ceaehos the coast is sonthem 
California from Sun Luis Obispo into Ba)a Cali 
forma Mexico (Aitken 1939 ud 1941) 

Oregon Klamath Falls (H D and E. occiden 
Mils ) Willamette Valley South Warner Val 
ley L^e County taken both east and west of the 
(facades (Stage and GjuUin 1935 Stage 1938) 
Porttud Junchoa City Klamath Falla Prme- 
V lie Grants Pass Independence John Day 
Biver Harrisburg ud Eugene (notes f om C M 
Gjnllm and H H Stage 1940) 

ITeth ngton A mowil pennw taken in State 
(Stage and Ojullm 1935) Yakima Colville Cle 
thini (notes from C M OjuUm ud H H. Stage 
1940) 

Anopheles pseudopuncUpennis pseudo~ 
puncUpenn%s Theob and A p 
franc%scanus McC 

Anopheles pseudopunchpennis Thecb is 
pmaanly a species of the and regions of 
the Southwestern States but is found as a 
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rarity as far east as the Mississippi River 
from Louisiana to Tennessee It js re- 
ported as bein' very abundant in some of 
the river valleys in New Mexico, western 
Texas and California South of the 
United States it occurs through Central 
and South America into Argentina, and in 
some of the islands of the Caribbean 
As mentioned m the preceding paper 
Aitken (1941) beheies that the type form 
of this species does not occur m California, 
being represented there by the subspecies 
franctscanus and its varietj boydt. 


(t Icydi) recorded in eereral connhea and boti 
fonse occasionallr found in tie same localitr /*■* 
ken 1941) 

Ortgon (t) Corralbs and I orest Orore (Cole and 
Lovett 1921 quoted by Aitken 1941 records this 
far north considered doubtful by Freeborn 19 6) 

Anopheles ptinchpennis Say 
As pointed out by Matheson (1929) 
Anc^phtles puncitpenms Say has the great 
est range of any nearctic anophelme It 
occurs in southern Canada and throughout 
the Eastern, Central and Southern States 
to New Mexico and from the Pacific States 


Tennesste Beported for the State by I^ar 
(1928) hleiaplua (Aitken 1941) 

IfuttJitppt Coushct of Attola Hiade Hotmes 
Leake Maduon and Yatoo (Balfour Carley and 
Barker quoted by Kuma 19 9) 

Louuuina Mound New Orleans (Eiog, Bradley 
and MeNeel 1939) 

AaiMoe Manhattoa (Biill 19 9) 

OtloAoma Alra (record from L E Roteboom 
1940) 

Ttraa Brownsville Denis Birer (Q. D and 


into western Canada Except for one ree 
ord in western Montana however, it seems 
not to have been reported from the Rocky 
fifountain region between Canada and New 
Mexico Its range extends into the table 
lands of Mexico In the Eastern and 
Southern Stales its breeding habitats are 
usually more restricted than those of guod 
nmacnlaltts Locality records (except the 


E.) Fort Brown Fort Clark Fort Sam Hons 
ton Leon Springe (Ludlow 1914 /rdaeueoava ) 
Camp Trane Corpus Christi Del Bio Laredo San 
Antonio (quoted by Eumm 1929) hlitebeU Lake 
(Howard 19 aleo eoUeeted by H 0 Sehroeder 
1937) Cameron County Olmito (CWA eoU 
1934) Brownenllc Laredo Del Bio Cl Faso 
(Barber Eomp and Eing 19 9) Houston (Mat 
thee 1935) Below El Paso (Barber J939) 
Donna (P T Biherd coll 12/ 4/39) Browns 
viUe (Aitken 1941) 

heu> Mexico LaaVegaa (H D and L.) Van 
ous localities in the San Juan Peeoa and Canadian 
Biver Valleys (Barber Eomp and King 1929 
Barber and Forbrieb 1933 Baibcr 19 9) liCas 
burg and Carbbad (Aitken 1941) 

Arvona Bill WiUiama Fork Oak Creek Canyon 
(H D and E.) Tempe (Barber Komp and King 
1929) Wilcox (Aitken 1941) 

Nevada Beattv Indian Spnnge and Tnl« 
Springs (Aitken 1941) 

Utah Saint George (Aitken 1941) 

California Oeeuis louthward along the coast 
from Sonoma Coun^ and the eentral valleys from 
Bed Bluff Tehama County into tie foothills of 


tie San Joaquin and tie most abundant anopho- 
bue sooth of the Teiathapi (Freeborn 19-^) 
Various localities (Herms 1917 and others quoted 
by Knmm 19 9) Only two counties in tie SUte 
(Mono and Imperial) wh re the species has not 
^ recorded (Aitken 1939) Most norttwn 
records at Wonderland Park Del Norte County 
and Yreka Siskiyou County form with delicate 
leaflets on the mesosome {franeneanut) of w»do 
oecurreBce w the 8^®** without leaflets 


southeastern states) are as follows 

Canada New Brunswick Soint John (HD and 
E.) Ontario Ottawa (H D and &) Lake 
Suneo (quoted by Eumm) Ottawa (Twian 1931) 
Eastern Oniano (Gibson 1938) Manitoba Bran 
don (Gibson 1940) British Columbia Duaease 
Nanaimo Wellin^on (H D and E ) Pros r 
Valley from Hopo to coast ete (Hearle 19^5) 
dfainr Weld (H D and E ) Orono and 
Prosque Isle (Lsthrop 1939) 

Hcv EompsMrt Center Harbor Dublin Dur 
ham ilonadnoek (H D and E.) Intervale and 
Hampton most common anophelme in State 
(Lowry 19''9) 

Fennont Castleton (Howard 1900) 
kfassociusrlte West Bpnngflcld Granby 
Cbieop e (H D and E ) 

Conneetievt Beported in State (Botaford and 
Turner 1933) 

New Tori Various localities (quoted by Komm 
19 9) 

Feuiwylvonta Danville West Faimew (S D 
and K.) Camp Boosevelt Mt. Gretna ( per 
plftong Ludlow 1907 quoted by H. D and E) 
ITest rtrpinio Huntington (H B and E ) 

OAia Westlawn (quoted by Komm) Anrors 
(Hoyt 1935) Toledo (0 H Bradley eoIL, 
7/ 8/38) Columbus Medina (records from D 
M DeLong 1940) 

Indiana Hessnlle (Gerhard 1910) Lafayette 
Lawrence and Knox Counties (notes from J J 
Davis 1940 J M Amos eoU.) 

ifiehiyoa Eastmannlle (H D and E ) Doug 
las Lake (Matheson and Shannon 19^) 



DISTRIBUTIOK OF NEiSCTIC SPECIES 


77 


ZHtnou Chicago Lemont BeTerl7 HUIa Paloa 
Paik (Qethaid 1910) Chiea.go UTbana D 
and K ) Carbondale Herrm MurphTsboro 
Bock Island (qnbted by Komm) East Baut 
Louis (collected ^ 1937 notes from F C Bisbopp) 
Pcs Plaines Yalley (G H Bradley ecdl, Ju^ 

1938) 

Ifinnesoto St Paul and Baraga (Howard C W 
1916) Crystal Bay and Cedar Lake (Biley and 
Chalgren 1939 1) Common in south half but also 
found in northern plains section not m coniferoua 
forest (Owen 1937) 

AorthPolota No anephelines recorded in tut of 

mosquitoes taken at Fargo Mandan and bfinot 
(Munro and Ban ston 1939) 

South Dakota Taken re y frequently in eastern 
part of state (notes from E C SsTonn 9/11/40) 
loica Vanous locahtiea in state (notes from 
C J Brake 1940 J A Kowe coll ) 

Ifussurt Saint Louis (H D and E ) Pretty 
generally distributed orer state (notes from L 
Baseman 1940) Sikeston area (Ziegler and 
tfaxey 19 3) Lake of Ozarks (Johnson 1932) 
Zaniai Onaga (H D and E ) Fort Leaven 
worth (quoted by Eanm) Burlington (Barber 
Eomp and Hayns) Areola counties of Douglas 
Doniphan Biley and Pottawatomie (HiU 19 9) 
VebnuVa Lincoln 1903 Salt Creek near 
sriy 1904 (notes from U H. Swenk 1940) 

Oklahoma Fort Gill (tSU) and Fort Reno 
(quoted by Eunun) Stillwater (H. O Behmder 
eoU 19 8) Page Grove Broken Bow Flint 
Bherwood Hinton Eagletown BoS Idabel 8ul 
phw Salhsaw Gore Sayre Qrandield Spsvi 
Saw Grant Cheyenne Geo Springs Mose 
Wyandotte (notes from D C Howell 1940) 

Teros Bratos B ver (Howard 1900) Dallas 
Denison Devils River Eermlle Pans (H D 
and K ) Galveston (Pynr 19 ) D alviBe Leon 
Springs (quoted by Eumm) Del Bio (Barber 
Eomp and King 19 9) Fort Lavaca (CWA coU 
1934 det Stone) Menard (H C Fansh coll 
1934 abundant nod a noying notes from F 
C Buhopp) Houston (Matthes 193o) Brazos 
County (Cushing 1936) StepbensviDe (P T 
Biherd coil 5/30/39) South of El Faso (Barber 

1939) Dallas (W 0 Bruce and £ W l<aake 
coll 1940) 

\eui Mexxeo Several locabt es in Pecos and 
Canadian R vet Valleys (Barber Eomp and Eling 
19 9 Ba ber and Forbneh 1933) 

Montana Lolo (Mai 1934) 

CaUfoT a E rely taken south of the Tebachapi 
but s th p edominatisg anopheline in the foothill 
section a d in 1 nuted t ci along the Sacrameuto 
Elver (Freeborn 19 6) Var ous lo alities (q oted 
by Eumm 19 9) Inyo County (Aitken 1939) 

Oregon Portland (H D and E ) Same distn 
but on as macultprn le (Stage and GyuUin 193 4 
Portland Junction Gty B ckeye Lake G anta 
Pass Sherwood I dependence liamshurg Leba 
non (notes from C M Gj lUin and H H 8ta_e 

1940) 


Waahingtm Ashford (H D and K ) Taken 
IB atate (Stage and Gjulhn 1935) Lake Tapps 
Toppeniah Plaza Vancouver Yakima Deming 
Ealama (notes from 0 M. GjuUin and H H Stage 
1949) 

Anophele$ quadnmaculatus Say 
Anopheles quadnmaculatus Say ranges 
from New Hampshire Massachusetts and 
southern New York westward to southern 
Ontario Minnesota and Iowa and through 
out most of the southern terntorj to central 
Texas and Oklahoma In the Southern 
States it IS usually the predominant anophe 
line Few records are available as to its 
occurrence m most of the North Central 
and Midwestern States although its pres 
ence may be assumed in areas where en 
demic malana is still found 
Records for states where it is less com 
mon or near the limits of its range are 
given below In Massachusetts Minnesota 
Michigan and Iowa> the species has been 
definitely shown (by identification based on 
male tenninalic characters) to overlap the 
range of occtdentalts Overlapping prob 
ably occurs also in other areas Loeebty 
records for the northern and western parts 
of Its range are as follows 
keiB Sampthtre Center Harbor and Berlin Falla 
(H D and H probably ooctdenfalia in part) A 
mala specuBco from Center Harbor ( les 8ept 6 
Sll4 H G Dyar Cell ) haa been identiSed xe 
ceotly by W V Eiog as qtutdnmBcvIatiiz Other 
epecimenz from thu collection are listed as ocot- 
Ontaho by Aitken (1941) 

IfozMchMcttz Westfield and West Springfield 
(H D and E possibly oocideRtalts) Found over 
lapping quadnmacvlatiif is State (Pkeebom 19 3) 
Scitoate (F C Bisbopp and O H Bradley coll 
9/1 /3 ) 

Conneetteut Pine Orchard (H D and E.) 
Myst e (F C B shopp and G H Bradley coll 
8/1 /3 ) 

Mew Fo k Ithaca BcUport Bays de Long 
Island (H D and E ) Central New York (Mathe 
eon and Shannon 1923 Matheson 19 9) New 
York Gty ( MB 1939) (Various other local 
ties luted by Emnm Felt etc questionable as to 
exact dent fieation) 

Onta 10 Cayuga (notes from E M Matheson 
also E H Hinmas 1940) 

PemujlionHi We t Fairview (H D and E ) 
Through the kindness of C J Drake records 
from a recent survey of Iowa made by J A Bowe 
we e furnished the writers in advance of publica 
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OAto Aniora (Hojt and Worden 193S) Cedaa 
Point Sandnsky (records from D M Da Lone 
1940) 

Jndwna I^e Maimkaekee (H D and K) 
Wabash Barer Enox County (notes from J J 
Dans 1940 J M Amos eoIL 9/14/37) 

IlUnots Chicago and WiUow Spring (Gerhard 
1910) Urbans (H D and E.) Carboodale 
Hemn Murphysboro Rock Island (quoted ny 
Ktimm) East Saint Louis (eoll 1937 notes from 
P C Biahopp) Des Plaines "Valley (Dept Pnb 
Health (1939 !) also coll by G H Bradley 
July 1938) 

Kentucly Taken at various places in vestent 
and northern parts of State (notes from O E 
tjuinby 1940) 

KtcAtjan East Lansing (record from C. 
Sabrosky 1940) Cheboygan Emmet Geaesee, 
Ingham llontcalm and Washtenavf Counties 
(Irwin 1941) 

ITwconata Osceola and Saxenlle (H. D and K ) 
Ifinnesota Saint Anthony Park and Grand 
Rapids (Howard C W 1916 may hare been ocei 
dmfotu) Fort Bnelhng (quoted by Eumm) 
Present over much of soothem and eastern half 
of state but not common Carlton Cooaty, most 
northern record four (oeabties shows on map 
(Owen 1937) Crystal Bay (Riley and Gbalgren 
1938) 

/oicfl Collected in the state (note# by R. W 
Wells 1933) Scattered through itate to Western 
border (J A Rowe survey 1940) 
ifuroun Saint Louu (H D and K.) Sikeeton 
area (Ziegler and hlaxey 19'’3) Jefferson Bar 
racks (quoted by Eumm) Ellsberry (Barber 
1930) Lake of Ozarks (Johnson 1932) Pretty 
generally distnbuted over State (notes from L. 
Haseman 1940) 

Eanscu Lawrence (Hill 1939) 

OlloAomo Stillwater (coll notes n O 
Schroeder 1938) Gore Broken Bow SaUisaw 
Idabel Spannaw Eagletown Hinton hLllerton 
Wilberton (notes from D C Howell 1940) 

Tezos Dallas and Victoria (H D aad K ) 
Dialnlle (Parker 19 -) Ellm^on Field Fort 
Crockett (Borden 1926 quoted by Eumm) 
Brownsville (Barber Komp and King 19 9) 
Orange (CWA coll 1/2/34 Alan Stone ident ) 
Houston (hlatthes 1935) Brazos County (Ccah 
ing 1936) Dallas (VV G Bruce coll 1937 and 
1940) Brownsville area (P T Riherd eolL, 1939) 

Anopheles walken Tbeob 
Anopheles tta(A,en Theob basawidedis 
tnbution in eastern America from south 
eastern Canada to the Gulf and westward 
to southwestern Louisiana central Arkan 
sas and Minnesota Jlatheson and IJarl 
but (1937) have gnen the known distnbu 
tioa of the species to which a few additional 
records have been added The recorded 


localities are very scattered, but the species 
has been taken m considerable abundance 
in certain areas as for example, near Lake 
Apopka in central Florida and at Reelfoot 
Lake m northwestern Tennessee Locabty 
records are available as follows 

Canada Ontario Lake Simeoe (type locality 
Theobald) Ottawa (H D aad K, Twimi 1931) 
Maberly and Nation Rivers (Gibson 1940) 

Uatne Found in itate (Alan Stone quoted by 
Matbeson and Huribnt 1937) 

Jf<miicAiue((s Westfield Anburndate (E D 
nod E) 

Canneeitevt Reported in state (Botsford and 
Turner 1933 blatheson and Hnrlbut 1937) 

Aeto Fori North Fair Haven (Uatbeson and 
Shannon 19‘’3) Ithaca (Matbeson and Hnzlbut 
1937) 

Veto Jersey Collected in light traps in five conn 
ties m 1938 and in four more in 1939 (htulhera 
1939 and 1940 also previous records) 

Delaware Delaware City (Bishopp Cory and 
Stone 1933) Newark (Steams et al 1933 Mae 
Creary 1939) Lewes (Steams 1940) 
ilarytand College Park Pnseess Ann Chet- 
tertown (Bisbopp Cory and Stone 1933) 

Butnot of Cotumhio Washington Chain Bndge 
(Dyar 19 **) 

Virginia Addison (II D andE) Long Bndge 
(Drat 1922) South End (A B Jennings eoU, 
1916) 

EeatBcky Bondurant Reelfoot Lake area 
(Bang Quinby and Simpson 1940) 

Ohio Toledo (0 E Bradley eoU 7/26/88} 
Indiana Heesnlle (Gerhard 1910) 
iluhigon Camp Custer Battle Creek (Dyar 
19 •*) Kottawa Samt Joseph County (record 
from C Babrosky 1940) 

IftaRrsoto Grand Bapids (Matheeon and Shan 
non 19‘*3) Probably confined to part of State 
east of prairies eight localities shown on map 
(Owen 193T) Crystal Bay Cedar Lake Lake 
Nocomis University Farm (Riley and Chalgren 
1939 t) 

lava Collected in state (notes by B W Wells 
1938) Brooklyn Onawa South Fnutland 
Dubuque Clear Lake Little Wall Lake Lake 
Perk Nichols (J A Rowe survey 1940) 

JHinots Beach aad Palo Park near Chicago 
(Gerhard 1910) 

Georgia Sumter County (Bellamy and Andrews 
1938) 

Florida Zellwood (Bradley and MeNeel 1935 
Bradley 1938) Zellwood Orlando (Kmg Brad 
ley and McYeeJ 1939) Volusia County (O II 
Bradley coll 1939 and 1940) 

Tennessee Reelfoot Lake (Johnson 1936 Brown 
nnd Pearson 1938) 

Louuuina Crowley (Komp 19 6 Barber Komp 
nnd Hayne 19 6) 

Arloiuor Lonoke County (Thibaolt 1910) lat 
tie Rock (U D sad E) 
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Ij 5 common with ail mosquitoes anophe 
lines have four stages m their life eyde— 
the egg the larva the pupa and the adult 
The life history is briefly as follows The 
eggs which are laid singly on the water sur 
face hatch in from 2 to 3 dal's under favor 
able conditions into larvae or wigglers 
These grow slowly or rapidly depending on 
temperature and other factors spending 
from a week or so to several months m this 
stage The larva molts four times the final 
molt bemg into the pupal or tumbler stage 
During the pupal stage changes take place 
within the bMy which tricsfotm it into the 
adult mosquito This stage is usually com 
pleted m from 2 to 3 days and after the 
adult emerges from the pupal case it rests 
for a short time on the surface of the water 
before taking flight 

Adult Beka/iob 

Mating Anopheline adults are usually 
produced m approximately equal numbers 
of males and females although a pre 
ponderance of females sometimes occurs 
(Bradley 1926 Boyd 1930a) por the 
species that have been observed mating 
occurs about sundown during swarming of 
the males In the case of A punctipennis 
the male swarm consists of about 100 indi 
viduals flying up and down m corkscrew 
fashion from 7 to 12 feet above the ground 
(Howard Djar and Knab 19I^17a v 1 
p 127) Freeborn (1923) observed swarms 
of A macuhppnms {occidentaUs) and of 
A quadnmaculatus in close prt^iinity to 
one another near a pond in Ma sachusetts 
one of which was above a small pine tree 
the other in the open 
Longevity and number of geturafions 
The duration of adult life varies greatly 
being shortest during the hot dry weather 


of the summer and longest during the fall 
particularly with those females that go into 
hibernation Humidity as well as tempera 
ture IS an important factor in longevity 
The life of the male is probably shorter in 
all cases than that of the female and they 
arc not known to hibernate The appear 
ance of males m the spring is usually taken 
as indicating the emergence of the first 
brood of the season 

The number of generations of Anopheles 
in any region probably depends largely on 
tb« climate inasmuch as it is known that 
high temperatures accelerate and low tem 
peratures retard development The mun 
ber of generations bas been studied for A 
quadrmaculatus by Boyd (1927) who 
believes that this species may have from 8 
to 10 generations annually m sonthwestem 
Georgia while in northeastern North Caro- 
lina the number is 7 or probably 8 Free 
bom (1932) states that m California there 
are 6 generations of A macuhpennis^ 
annually 

Bthng acUmty Female anophelines seek 
blood meals within a day or two after 
emergence when the montbparts are suffi 
ciently hardened and conditions for flight 
are favorable For most of the species 
feeding activity is probably greater soon 
after dusk but it may continue throughout 
the night Most of the species will bite 
during the daytime on dark days or m shel 
ters particularly if disturbed A atropos 
provides a striking exception to this gen 
eralizatiDQ however for m addition to 
being active during the night it has been 
observed at tunes to attack in swarms in 
bn"ht sunlight A crucians (the common 
Probaljly A freehomi id this and other refer 
enees to maen! pfnnu in Californ a e cept whe e 
the eoasUl form with pale w ng tips is referred to 
70 
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inland form) has also been reported as 
attacking m sunlight as ■well as m shade, 
the attacks beginning as early as 7 15 a m 
(Mayne 1926b) The species is, in fact, 
referred to m the Middle Atlantic States 
as the daj light anopheline A macuhpcn 
«« 13 said by Freeborn (1926) to bile 
viciously m bright sunlight on becoming 
active in the spring 

Adult activities are dependent on tem 
perature probably more than on any other 
factor The optimum biting temperature 
for anophelines was found by Mitzmam 
(1919) to be between 28 and 30'* C and 
the minimum between 16 and I?® C A 
sudden rise m temperature is said by Ifayno 
(1926a) to stimulate the blood seeking im 
pulse Boyd (1930a) states that on moon 
light nights the period of activity of 
anophelines is extended Before heavy 
rams they are particularly voracious and 
some species enter bouses at night in larger 
numbers than usual at such tunes Heavy 
rains also may cause fewer mosquitoes to 
be on the wing, but they become active 
again soon after the rams cease 

Budolfs (1923) found that mcsqnito 
activity as detennmed by the numbera 
alighting to bite increased with the rela 
tive humidity up to 85 per cent above 
which DO change was noted in mosquito 
behavior Freeborn (1932) states that 
there is a midsummer depression m the 
abundance of A macvUpennts in California 
due to high temperatures and low humidi 
ties During this period the females of the 
second and third generations live only long 
enough to deposit eggs but not long enough 
to permit malaria transmission Maximum 
daily temperatures jn excess of 33 C and 
evaporation from a white ball atmomeler in 
excess of 70 cc occur during this season 

Blood feeding So far as known the food 
of female anophelines primarily is blood, 
and a Wood meal appears necessary for the 
maturation of eggs The females however 
may subsist for long periods in captivity on 
fruit juices or sirup and it has been con 
eluded bJ Boyd (l^iSOa) that the pursuit of 
bJood not only satisfies a whim of 8pp'*lite 
but arouses the rooting instinct as well 


While male mosquitoes often alight on 
warmblooded animals and probe around 
with the proboscis thev are unable to pierce 
the skm They subsist on water, nectar, 
and fruit juices 

The different species vary considerably 
in their host preferences Bull and Hey 
nolds (1924) and Bull and Root (1923), m 
comparing horses and cows as hosts for A 
guadnmaculatui, showed experimentally 
that attractiveness in the hosts varied more 
among indniduals than among species 
Humans, although varying individually 
also recei%ed on the average only one sixth 
as many bites as horses or cows Sheep 
goats, dogs, and pigs appeared to be less 
attractive m the order given, while rabbits 
and chickens were very poor hosts even in 
the absence of other animals 

King and Bull (1923) determined the 
blood fe<‘ding babiU of A qvadnmaculatus 
in nature by identifying the blood meals 
from a Urge senes of females caught in 
various locations They found that an 
average of 38 per cent of those taken inside 
houses bad fed on man but only 2 per cent 
of those taken in outbuildings The 
weighted Bveroge was 4 3 per cent for the 
entire female A quodrimaculatuj popula 
tioD, being 6 to 8 per cent when the average 
number of females per location was about 
200 to 500 and decreasing to 3 per cent or 
less when the average reached 1500 or 
more The average pcri-entages for the 
other hosts for which prenpitin tests were 
made were as follows Cow 36 horse 33 pig 
16 dog 8 and chickcu and cat 3 These 
observations indicate quite definitely that 
certain animals horses and cows particu 
larly have a greater attraction for A 
guadritfittcuhtut than has man, so some 
degree of protection from bites must be 
afforded when such animals are available 
In these experiments the Wood meals of a 
few A punettpennts and A cructans were 
also tested Of 79 A puneiipennis none 
had fed on man and of i2o A cr cians 6 
contained huroan blood 

Attraction to liflhfs Anophelines are 
attracted to artifi lal lights and most of 
our species have been taken m Iit,ht trap 
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collections Judging by the reports of sodi 
collections as well as the writers’ own ezpe 
rience A cruc%an$ A walkeri and A 
atropos are more readily attracted to lights 
than is A. qwadnmaculatus Bradley and 
McNeel (1935) for instance report that m 
central Ilorida where A crucians was the 
predommant anophelme larval examma 
tions made in the vicinity of a trap location 
gave a much higher relative incidence of 
A quadnmaculaius over A crucians than 
was shown by the trap collections 
Resting places The daytime testing 
places of the various species is subject to 
some variation depending probably on a 
preference for different temperatures light 
intensities and humidities Inside houses 
they are to he found behind pictures and 
curtains undemeuth furniture behind 
dark clothing and in the darker nooks and 
comers generally They are found m la^ 
numbers underneath houses and other 
raised buddings m dark corners in stables 
porches of all sorts chicken houses and out 
buildings especially privies culverts un 
der bridges beneath overhanging vegeta 
tion on stream banks in caves and in 
hollow trees Abandoned spider webs in 
such places are favorite roosting places In 
general anophelines probably prefer to rest 
on dark colored surfaces It has been 
pointed out however by Boyd (1930a 
quoting Nuttall and Shipley) that certain 
colors such as cavj blue dark red reddisb 
brown and scarlet are preferred to black 
Soot-covered walls and draughty places 
seem to be avoided Anopheles puneiipen 
nis is said to tolerate more lUummation in 
Its daytime shelters than does gvadrt- 
tnaculatus A crucians has been reported 
by Metz (1918) to prefer stables and 
pens to houses Locations undemeadi 
houses bridges etc in damp places near 
the ground have been found to be favored 
shelters for most of the common species 
In California A macuhpennis is reported 
bj Freeborn (1926) to be addicted to man 
made shelters particularly dwellings 
whereas A punciipennis and A pseudo 
piinctipennw are rarelj found inside 
house!) In central New York Matbeson 


(1932) found that A punciipennis readily 
enter^ houses and large numbers were 
taken in cellars houses and stables and 
other outbuildings Barber and Forbrich 
(1*^) report A pseudopunclipennis as 
freqnentmg houses in New Mexico and 
that this IS usually for shelter was attested 
by the fact that a high percentage of males 
and a low percentage of engorged females 
were found They also observed that occu 
pied houses usually harbored A macuhpen- 
nis (freeborni) while m unoccupied houses 
A pseudopuncfipenwu predominated A 
airopos readily enters houses and utilizes 
man made shelters as daytime resting 
places (Bishopp Cory and Stone 1933) 
The adults of A ualkeri have been found 
resting ID hams and under houses (Komp 
1*»26) aud also under overhanging grass on 
the margins of a marsh whence thej flew 
into bright daylight to bite when disturbed 
(Bradley 1936) This species has a ten 
dency to be secretive and its shelters are 
often difficult to locate Johnson (1936) 
reported that although A ualken adulta 
were being taken in numbers in a light trap 
near Reelfoot Lake m Tennessee daytime 
shelters could not be located Cowsheds 
stables chicken bouses places under houses 
open woods tree trunks stumps and dense 
weeds were searched and 2 510 anophelmes 
were collected and examined without a 
single one of A ualken being found 
Flight and migration Our anophelmes 
are considered to be comparatively weak 
flieiu In the case of A quadnmaculaius 
It IS a common practice to limit control 
measures to a radius of from one half to 1 
mile from habitations depending on mten 
sity of breeding as the consensus is that 
few migrate farther than a mile from their 
breeding grounds (Barber and Havne 
1924) (LePrmce and Gnffitts 1917) How 
ever Geiger Purdy and Tarbett (1919) 
have reported that a control area m Arkan 
sas was invaded bv flights of A qiiadn 
maeulatus apparently from a swamp 1 7 
miles distant and other important flights 
of more than a mile have been reported for 
this species Kumm (1929a) observed a 
maximum migration of only 0 4 of a mile 
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for A. quadnmaculaius and found marked 
daily migration among shelter^ A crv 
Clans (possiblj iradleyt) was reported by 
King, Bradley and MacNeel (1939) as mi 
grating several miles when intense breeding 
occurred On the Mississippi coast flights 
of A crucians from islands situated from 3 
to 12 miles off shore were reported by 
Barber Komp and Hayne (1924) and 
MacCreary and Steams (1937) have re 
corded flights of this species to two light 
houses situated 3 2 and 5 5 miles respec 
tively from shore Freeborn (1932) states 
that m California ‘‘prehibernation forms 
of A macultpcnnts appear during October 
and early in November which are darker 
and more robust than the summer forms 
and migrate loni, distances from their 
breeding grounds before entering shelters 
Although they become active on warm days 
m the winter they do not develop eggs un 
til after an ‘emergence ’ flight durmg the 
middle of February At this time they in 
fest areas both suitable and unsuitable for 
breeding From studies on overwintering 
individuals of A quadnmaculaius made at 
Fort Jackson La Hinman (1934c} con 
eluded that the enormous number of fe 
males which congregate m the old fort m 
November probablj migrated there from 
considerable distances since there was a 
scarcity of breeding places nearby and that 
they undergo a sort of pseudohibernating 
period of 2 to 3 months It may be signifi 
cant that very few of A crucians and none 
of A atropos were noted in this winter re 
treat even though these species breed 
abundantly m the vicinitj 

Ribernation 1 here is probably no true 
hibernation of Anopheles quadrimaculatus 
A punctipennis or A crucians in the more 
southern part of their range as numerous 
authors have reported that these species 
become active during warm periods in the 
winter In cold weather adults seek shel 
ter in unoccupied houses caves hollow 
trees and other such places where they 
become inactive Larvae and pupae are 
also to be found throughout the winter and 
It IS probable that these species pass the 
winter to some extent m the aquatic stages 


as well as by overwintering females Bal 
four (1928) found that some larvae of A 
crucians passed the winter in North Caro 
Ima during the wmter of 1926-27 when the 
temperature over a 10-day period had a 
mean minimum of 24° P and an absolute 
minimum of 12 5° F Larvae of A quain- 
tnaculttius and A crucians were collected 
m every month except January but no A 
punctipennis were found in Januaiy or 
February Hinman and Hurlbut (1940) 
stated that m the Tennessee valley A 
quadrtmaeulaius passed the winter chiefly 
as inseminated females Hibernating fe 
males in caves survived periods up to 69 
days without food 

Matheson and Hurlbut (1937) discovered 
that two forms of eggs are laid by A 
ualken which the> called summer eggs and 
wmter eggs In New York State the former 
hatched normally soon after oviposition and 
could not withstand freezing temperatures 
bat the latter did not hatch uMess sab 
jected to freezing temperatures It is be 
lieved that the winter eggs are the only 
means by which this speciH survives the 
wmter m New York Winter eggs of A 
tialken from Tennessee showed a marked 
instability and the greater part of those 
obtamed hatched soon after oviposition 
(Hurlbat 1938b) 

Owen (1937) states that m Minnesota 
the females of A maculipennis {occiden 
tails) hibernate He found that in two out 
of four caves, under observation the places 
selected for hibernation did not afford ade- 
quate protection as the adults were killed 
by becoming frozen in ice on the walls In 
the anteroom of a larger cave all died 
Apparently he assumes that those in the 
deeper recesses of the large eaves success 
folly passed the winter although they were 
not located 

Enemies of adults Birds bats toads 
frogs and lizards as well as insects and 
spiders are included among adult preda 
tors of anophehnes and protozoans filana 
embryos other nematodes and trematodes 
among the parasites Hinman (2934b) has 
prepared a summary of the avadable litera 
tore on the predators and Bojd (1930a) 
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briefly discusses both predators and para 
sites Boyd {1930a) credits the nighthawks 
(Capnmulgidae) as being probably the 
most important bird enemies of anophelmes 
It IS common knowledge that dragonflies 
catch mosquitoes while m flight and that 
spiders take a heavy toll of resting mosqui 
toes In former years eonaiderable pub 
licity was given to the reputed value of bats 
as mosquito destroyers but although they 
undoubtedly catch many anophelmes ob 
servations in places where bats are numer 
ous have shown that m reality they have 
little effect in reducing the mosquito popu 
lation (Howard 1916) 

Egg laying Female anophelmes deposit 
their eggs singly on the water surface dur 
mg the night "Whether a selection of 
favorable hreedmg waters is made before 
oviposition 13 not known with certainty 
although It can he inferred from the fact 
that even the more general breeders show 
a certain amount of segregation m differ 
ent types of breeding places It is of 
course plainly evident m the case of the 
specialised forms such as A barhen and A 
airopos Certain waters often contain only 
the first or second mstars mdicatmg con 
ditions unfavorable for their maturation 
These have been termed incomplete breed 
mg places in contrast to those where all 
immature stages occur regularly In these 
cases of course failure to mature may be 
due to the activities of predatore rather 
than to lack of adequate nutritional or 
other factors 

From about 100 to 300 eggs are usually 
laid singly at one oviposition time and there 
may be several oviposition periods for a 
single female The eggs are white at first 
hut soon turn to a dull black The mcu 
bation period is usually about 2 days 
although at high temperatures eggs may 
hatch in 24 hours (Mayne 1926a) The 
same author reports that oviposition did 
not occur below 55 F and that eggs of 
A quadrimacwtatiis would not hatch at 
temperatures of 58 to 59 F bnt that 
hatchmg occurred at 66 to 70 F 

Anopheline eggs will resist a certam 
amount of desiccation after the embryo is 


developed Herms and Freeborn (1920) 
found that eggs of A freehorni { quoin- 
macuUUus’ ) would stand drymg for 72 
hours whereas drying for 24 hours was 
fatal to those of A punctipennis llayne 
(19^a) found that eggs of A quadnmacu 
lotus were viable after being left on drying 
mud foe periods of from 42 hours to 16 
days Eggs of A crucians similarly ex 
posed survived drymg for periods of 10 to 
21 days Larvae hatched and developed 
normally from these dried eggs Control 
eggs m these tests hatched withm 48 hours 
on the surface of water at the same tern 
perature Other observers apparently have 
not been able to duplicate these results 

Larval Ecoloqt 

Of the 13 species and subspecies of 
Anopktles that occur in the United States 
and Canada 11 breed normally in fresh 
water and 2 id brackish or salt water Both 
permanent and temporary ponded and 
slowly moving waters are utilised The 
most general characterization of anopheline 
breeding waters is that they are clean foul 
or contaminated waters being seldom in 
habited Of the fresh water species A 
quadnmaculatus A occidtntalxs A free 
bcmi A crucians A pseudopunchpennis, 
and A ualktn are what may be termed 
chiefly pool and pond breeders A free 
bornt and A pseudopunchpennis being 
especially associated with pools in irrigated 
areas A pwnctipennis may occur in simi 
lar locations to the foregomg but frequently 
also 13 found m moving water particularly 
along the margins of streams The larvae 
of A barberi occur almost exclusively in 
water held m tree holes They have been 
taken rarely in artificial wooden receptacles 
in shaded locations where accumulations of 
leaves and other decaying matter m the 
water make for conditions approximatmg 
those of tree holes Of the two species 
mhabitiDg the salt marshes A atropos 
appears to be strictly a salt water b eeder 
as it has not been found m fresh water 
4 bnuUeyi {crucians hradleyi) breeds in 
waters of lower salt concentrations as a 
rule and also has been found in nearly fresh 
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waters near the coast The tropical species 
A albimanus whose range extends into the 
United States in southern Texas is said to 
occur at tunes in salt marshes in the tropics 
Attempts at a specific classification of 
the breeding places of Anopheles m this 
region have been made chiefly for the three 
common species occurring in the Southeast 
em States A guadnmaculaius A punch 
pennts, and A crucians Owing to the 
paramount importance of A quadrimaeu 
latics as a malaria vector most of these 
studies have been made to determine the 
factors correlated with the presence or ah 
sence of this species m various environ 
ments in order that such factors may be 
evaluated for control purposes 
Temperature Temperatures of anophe 
line breeding waters m North Carolina 
were analyzed by Bojd (1929b) who con 
eluded that A quadrmaculaius breeds in 
the warmer waters havmg a rather limited 
diurnal range whereas A punchpenms 
chooses waters that either are distinctly 
cooler or ha\e a wide variation in dmmd 
range These differences were especially 
noted in the fall when breedmg of A 
quadrtmaculatus wns definitely limited to 
the warmest places As the temperatnres 
decreased this species v as replaced by A 
punctipennts m many locations A cru 
ctans was found to require water as warm 
or warmer than those required by A 
quadrimaculatus and this is evidently cor 
related with the more southerly range of 
the species Boyd also states that a mean 
temperature of 70 P or higher appears 
to be essential for the rapid evolution of the 
stages of A quadnmaculatus, and notes 
that the northern limit of the distribution 
of this species coincides closely with the 
July isotherm of 70” F The range of A 
puncUpennts extends much farther north 
Barber and Komp (1929e) found the latter 
species m waters m which the temperatures 
went well above 100 P during the day 
time although the fact that it is commonly- 
found m Springs and shaded pools and has 
a wider distribution m the cooler seasons 
indicates a preference for lower tempera 
ture Barber and Forbrich (1933) distin 


gnish two extreme types of anopheline 
breeding waters m northern New Mexico, 
those having cool waters at all times of the 
day which produced A freebomt exclu 
sively, and those wholly exposed to the sun 
m which A pseudopunchpennis usually 
occurred m ‘pure culture” They con 
elude that day time temperatures seem to 
be the determining factor m these cases, 
although cold springs far up in the moun 
tains if exposed to the sun were found to 
contain A pseudopunchpennis 
Hydrogen ion concentration The pref 
erence of A quadntnaevlatus and A punc- 
hpennis for alkaline breeding waters and 
of A crucians for acid waters is quite well 
established Boyd (1929b) reported that 
larvae of 4 quadrtmaculatus and A punc 
hpennis in both Georgia and North Caro 
Ima have but rarely been found in waters 
having a pH lower than 6 1 and never in 
those below pH 5 1 Breedmg waters of A 
crucians were usually on the acid side of 
neutrality but never below 46 or more 
alkaline than 8 0 The mean pH values for 
the breedmg waters m North Carolina were 
found to be approximately 7 06 7 10 and 
5 24 and m Georgia 7 46 7 82 and 6 99 for 
A quadnmaciilaius, A punchpenms and 
A crucians respectively The Georgia ree 
ords show breeding waters there to be gen 
orally alkalme but the bulk of breedmg 
waters of A crucians was slightly acid 
In northeastern Louisiana where A 
quadnmaculatus was the predominant 
anopheline Bradley (1932) found the 
breedmg waters to range from pH 6 8 to 
9 2 Watson and Spam (1937) state that 
spring fed lime sink ponds having a mean 
pH of 7 2 and a range of 6 5 to 7 8 more 
nearly approximate the ideal breedmg 
place of 4 quadnmaculatus than do any 
other waters in northern Alabama An 
extensive series of observations has been 
made by Legwen and Kirby (1939) to de 
ternune the feasibility of employing hydro 
gen ion determination as an index to the 
breeding of A quadnmaculatus m connec 
tion -with larvieidal control operations In 
most of the work reported it is not stated 
whether the determinations were made m 
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the larval niicrohabitat itself or m the gen 
eral area It is now known that the read 
inga may vary considerably in different 
types of vegetation in the same pond and 
also at different times of the day 
Dissolved gases Boyd (1929b) reported 
a considerable variation in the amount of 
dissolved oxygen in various anopheline 
breeding waters in Korth Carolina the 
range being from 01 to 14 0 ppm No 
larvae were found in waters devoid of this 
gas Fairly high concentrations of carbon 
dioxide appeared to favor breeding of A 
guadnmaculatus whereas waters with lower 
concentrations favored A punettpennts 
although breeding of both species occurred 
m the absence of this gas Studies on the 
effect of ammonia m breeding waters m this 
country are lacking In India Senior 
■White (1928) found saline ammonia in 
excess of one part per million nsuaUy in 
hibitory to anopheline breeding and Beat 
tie (1932) in Trinidad found that larvae 
of A tarsimaculdfus were more numerous 
when the ammonia nitrogen content was 
low 

Specific aquatic environments A quad 
rmatuiatus breeds chiefly in ponds pools 
lake margins swamps and miscellaneons 
water coUections of a more or less perms 
nent nature where aquatic vegetation or 
surface debris are present in abundance 
It usually occurs more intensively in open 
sunht waters than m shady places This 
apparently is not due to any inhibitory 
effect of shade but to the fact that vegeta 
tion on which the larvae depend for food 
and shelter becomes scarce in absence of 
sunhght 

A punctipennis is the most widely dis 
tnbuted of our anophehnes and bre^s in 
a great variety of places Margins of Sow 
mg streams pools in intermittent stream 
beds springs ponds and pools artesian 
wells artificial water receptacles and new 
borrow pits and other excavations are noted 
as breeding places of this species It m 
often associated with A quadnmaculatus 
in the more permanent waters It has been 
noted as the first anophelme to occur in 
certam ram or flood pools when micro- 


organisms are scarce and to be replaced 
by u4 quadnmaculatus as a richer flora and 
fauna develop Cool clean water free 
from the products of organic decay is m 
the opinion of most writers most suited to 
the species Carpenter (1939) however 
thought that they tolerate more filth m 
their breeding places than other anophe 
lines in Arkansas 

A crucians breeds in ponds lake mar 
gins swamps and pools of both an inter 
mittent and permanent character and is 
often associated with A quadnmaculatus 
and A puncUpennts in such places It is 
often the only anopheline present however 
in acid waters such as occur m cypress 
swamps m Florida and southern Georgia 
Metz (1918) has reported that the species 
apparently can subsist in nature on a diet 
primarily of decaying vegetable matter as 
the larvae were found by him in enormous 
numbers m water contammated by sulfurio 
acid wastes having scanty mieroseopic flora 
and fauna but rich in small particles of 
disintegrated plant tissue 

Larvae of the A mecuhpennis group 
breed m a variety of situations In Cab 
forma Prcebom (1926) reports them as 
occurrmg m shallow sunlit pools of clear 
water preferring those having mats of 
green algae and states that hoof prmts 
wayside pools neglected irrigation and 
dramage ditches and seepage areas furnish 
the most favorable locations In New 
Mexico Barber and Forbnch (1933) found 
the species to prefer completely shaded 
situBtions and to occur with mcreasmg 
scarcity as illummation increased In Mm 
nesota Owen (1937) found A occidentalis 
more often in semipermanent and perma 
nent ponds along the shoreline in the pres 
ence of vegetation although it also occurred 
in a vanety of other locations He reports 
it as breedmg m association with A punc 
ttpennis and A quadnmaculatus 
A ualkerv breeds m swamps havmg a 
thick growth of emergent aquatic vegeta- 
tion cattail ponds and lake margins sppar 
ently being the most favored habitats It 
has also been reported by Ivomp (1926) 
from nee fields and from water covered by 



86 


water hyacinth In Georgia it was fonnd 
by Bellamy and Andrews (1938) m ehallow 
ponds with heavy growths of emergent 
vegetation, the water being slightly acid m 
reaction 

In northern New Meiico Barber and 
Forbrich (1933) found that waters wholly 
exposed to the sun and filled with aquatie 
vegetation were usually occupied ezclu 
sively by A pseudopuncttpennis, while 
those completely shaded and containing 
cool water at all times were occupied exclu 
sivelj by A macuUpennis (freebornt) 
Between these two extremes of illumination 
the species bred together Barber and For 
brieh considered daytime temperature to be 
the determining factor in this selection of 
breeding places although A pseudopunett 
penms was also found in sunlit cold springs 
at high ele\ation8 It was also noted m 
southern New Mexico that A pseudopunett 
penms bred m a wider range of emiron 
ments Freeborn (1926) states that way 
Bide sunlit pools are breeding places of A 
pseudopuncUpenms in which it is found 
with A tnacuUpennis, and that breeding 
continued in such places after they bad 
become too foul for the latter species 

A georgianus (cnicions georguxntu) a 
species recently discovered by Bellamy 
(1939) was described from larvae taken in 
hoof prints and pot holes m a seepage area 
at the head of a small stream in Georgia 
(King 1939) Further observations by 
Bellamy point to pastureland seepage areas 
( helocrene springs ) with acid waters 
(pH 5 0 to 5 8) as the typical habitat A 
punctipennis and A crucians were occa 
sionally found in association with it in such 
places A few of the larvae were taken ra 
a swamp} sluggish stream and once m a 
shallow pond ha\mg a pH of 6 6, in asso 
ciation with A punctipennis, A uialkert, 
and A crucians 

A atropos breeds in water on coastal 
marshes where it is found in pools and 
around pond margins and on open flooded 
marshes often in very shallow water It 
has been found m waters varying from 
brakish to full strength sea water and ap 


parently prefers those having the higher 
Balt concentrations 

A hradleyt breeds m brackish to fresh 
waters along the coast, usually m waters 
having a salts content of 1 5 per cent or 
less It may be associated with larvae of 
A atropos at the higher concentrations or 
with A crucians at low concentrations It 
occura in pools and around pond margins 
and on flooded marshes covered by vege 
tation 

The breeding places of A alhtmanus in 
the United States have not been reported 
although the species appears to be of fairly 
common occurrence m the lower Rio 
Grande Valley in Texas and larvae have 
been collected there 

Lanai food Anopheline larvae feed 
chiefly while at the surface of the water 
and their food consists of microscopic plant 
and animal matter both living and decom 
posed which they filter from the water 
by the action of their mouth brushes It 
has been computed by Hinman (1932) 
from data given by foreign writers that 
a volume of water at least 20 times that 
displaced b} the body of a larva may be 
filtered by it during each 24 hour period 
Studies on the food of anopbelmes by van 
ous workers (Metz 1919a, Boyd and Foote 
1928, Bradley 1932, Coggeshall 1926) have 
not shown that a selection of food particles 
IS made the larvae ingesting anything of 
suitable size which comes within reach 
Barber (1927) reared larvae of A guadri 
maculatus and A crucians to maturity on 
cultures of single organisms (algae bac 
tena and protozoa) and Hmman (1932) 
found that both these species were able to 
make a significant growth on colloids in 
suspension and material in solution It 
would therefore appear that the food avail 
able in most waters provided it is sufficient 
in quantity is not a prime factor m mflu 
enctng specific breeding of Anopheles in 
vanous places The presence or absence of 
different kinds of organisms may however 
provide an index to the suitability of water 
for breeding as has been discussed by 
Frohne (1939) 

Fnemies of larvae Anopbelmes are 
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preyed upon by a great variety of pre 
daceoQS and parasitic forms of animal and 
plant life which m the aggregate take a 
large toll of these and other mosquitoes 
Certam aquatic plants have also been cred 
ited with deterrent as well as lanieidal 
properties For summaries dealing with 
these the reader is referred to works of 
Howard Dyar andHnab (1912-17a) Boyd 
(1930a) Matheson (1930) and Hmman 
(1934a) The most important enemies of the 
larvae are the small insectworons fishes of 
the family Poeoilidae which actively search 
for their prey in shallow water amongst 
vegetation and debris (Rockefeller Foun 
dation 1924) In the Southern States the 
most important species is Oatnbusta pa- 
truelis {affinu) There can be no doubt 
about the influence of these minnows m 
limiting mosquito breeding in areas where 
they abound and ecological studies on the 
occurrence and abundance of mosquito 
larvae in various locations must always 
take into consideration their presence or 
absence as well as the amount of protection 
against them afforded by plants and debris 
A review and diacnsaion of the use of fishes 
m mosquito control has been published by 


the International Health Board (Rocke 
feller Foundation 1924) Of the aquatic 
insects the nymphs of damselflies and 
dragonflies (Odonata) water scorpions 
(Eanatra spp ) backswunmers (Notonec 
tidae) and the larvae of water beetles 
particularly those of the family Dj tiscidae 
are frequently noted as preying on anoph 
eline larvae 

Aquatic plants of the genus Vtnculana 
trap mosquito larvae by means of small 
bladders and have been observed to be 
rather efficient in reducing a larval popula 
tioo particularly in aquaria (Matheson 
1930) 

While these predaceous forms must 
destroy countless numbers of larvae never 
tbeless it is true that tbej may all be found 
ID association m even the heaviest of anoph 
eline breeding areas so the final result 
appears to be merely s natural balance 
detain tjpes of waters are undoubtedly 
eliminated as breeding places for anopbe 
line larvae because of the presence of 
their natural enemies and control efforts 
can sometimes be aided materially by 
changing conditions in favor of these 
predators 
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The sjstematist finds m his material 
certain regular correlations associations 
of a limited number of characters that oc 
cur regularly m individuals amid a very 
great amount of individual variation It is 
this correlation that constitutes the basis of 
species diagnosis (Robson G C and 
Richards 0 W 1936) Species the unit 
of classification is a concept existing only 
in the mind of the taxonomist and not cor 
responding to any sharp separation rec<^ 
nizable in nature Minor variations are 
present which must be recognized and given 
a place in the scheme of classification 
These minor variations below the rank of 
what are usually considered species are 
called varieties subspecies or races The 
usual connotation of variety is geograpbi 
cal that of race is physiological although 
here no uniformity of usage exists 
For the purposes of this paper it seems 
advisable to adopt the following definitions 
A taxonomic species is an assemblage of 
individuals in which certain regular asso 
ciations of structural or colorational char 
acters are found In the Anophelini the 
most useful structural characters are found 
in the male sexual organs the temunaJja 
A variety is a subdivision of a species oc 
currmg in one part of the range of the 
species and set off from it bj slight but 
constant differences in color markings but 
showing no constant differences m the 
structure of the male sexual organs A race 
IS a purely physiological concept based 
upon differences m behavior which ma> or 
may not be reflected in differences m atruc 
ture As instances of these categories the 
concept of a species maj be represented by 
A alhfnams, which agrees throughout its 
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range in possessmg certam association of 
characters m all its stages so that it can be 
reei^ized by the tramed entomologist by 
examination of the larvae and the male 
terminalia The concept of a variety may 
be represented by C C Hoffmann’s two 
forms of A albimanus A bis%gnatus and 
A tnstgnaius found in southern Mexico 
(Hoffmann 1938a) , these forms have male 
terminalia indistinguishable from those of 
A albxmanvs as found elsewhere but have 
extra black bands on the hind tarsal seg 
ments The physiological race is exempli 
fied by the two kinds of A albimanus found 
respectively in Panama and m Venezuela 
These are indistinguishable from color or 
structural characters so far as now known 
but the Panama race will mate m small 
cages while Gabaldon tells me he has failed 
to obtain mating imder such conditions 
Something must be said concerning the 
recent use of egg characters in taxonomy 
The cl^ic example is of course the separa 
tion of the European A macultpennts into 
SIX or more forms on the basis of differences 
in the eggs Under the classification indi 
cated above all these forms of A macu 
bpennis are included m a single taxonomic 
species opinion is at present divided as to 
whether these six forms shall be considered 
varieties or races Apart from the eggs 
appaiently only two morphological differ 
ences have been found to separate these 
forms variations in the form of a hair of 
the larva and in the shape of the spine on 
the claspette lobes of the male terminalia 
but Hackett states that these differences are 
so small and overlap so much that they are 
‘not sufficient m themselves for the elassi 
fication of any given specimen ’ So by 
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defiaition these fonns wotdd be r^arded as 
phvsiologiLal races unless we admit that 
the cliaracters of the eggs differentiate 
higher categories than the race 
Jlarston Bates (1940), m a closely rea 
soned paper mahes out a strong case for 
regarding the forms of A maculipcnnu 
found m Burope as distinct species Much 
of his argument is based on the varying 
sexual behavior of the forms he has foond 
that the males of some forms mate readily 
with those of others but m few instances 
are fertile eggs obtained Some of his argu 
meat is based on egg>cbaracters it appar 
ently being true that certain forms which 
can be distinguished by distinct sexual 
behavior lay eggs which are easily differeu 
tiated from those of other forms Probably 
when as much stndy has been applied to 
some of our tropical forms as has been given 
to the European A macuUpenms, similar 
differences possibly correlated with ob 
servable differences m egg structure will 
be found At present we are not in a post 
tioQ to state that such differences occur as 
very little study has been given to this as- 
pect of taxonomy m American mosquitoes 
Some work has been dose m Brasil and 
Panama on the egg characters of the species 
of Nyssorhynchui among which are the 
principal vectors of malaria m the New 
World Ayroza Galvao and Barretto 
(193S) have shown that the eggs of A dar 
Itnpi exhibit great variations in the form 
of the floats frill and terminal collar of the 
egg Bozeboom in Panama (1938b) and 
Ayroza Galvao (1940) in Brazil have 
shown that the eggs of A slrodes are ex 
ceedingly variable Rozeboom distingui^es 
three types from his relatively scanty ma 
tenal Ayroza Galvao also distingui^s 
three types and gives photomicrographs of 
other anomalies which bear no resemblance 
to these types 

lu Panama at least the various types of 
A strodet eggs apparently do not indjcate 
physiological races as they were all ob 
tamed from the same locality at approxi 
matelj the same time Ayroza Galvao has 
not studied the possibility that his types 
represent true physiological ‘ races but 
hints that this may be the case 


So It will be seen that c-onsiderable study 
must be made of the eggs of the species of 
the subgenus Nyssorhynchus before it can 
be decided whether their characteristics 
denote physiological races or are possibly 
valid indicators of taxonomic ‘species.” 

With these preluninaiy remarks it 
should be evident that the taxonomy of the 
Anophelini is not static but in a state of 
flux However the broad outlines of 
generic classification are fixed It is very 
likely that the number of good taxonomic 
'species will be materially increased 
when adequate collections are made in 
Central and South America and even more 
probable that many so-called species will 
have to be split up into varieties and phy 
Biological races 

For the purposes of this paper only 
faaotiomic apeosa will be considered that 
18 species winch can be recognized by some 
outward and visible structural or color 
character or lacking this by the oharae 
tera of the larvae and male terminalia 

Classification 

In 1924 the late F M Root (1924a} listed 
34 species found in North and South Amer 
ica of which three are now known to be 
synonyms making a total of 31 species 
During the past 16 years our knowledge 
of the Anophelini of the American tropics 
has increased very materially not only as 
to the number of species but in regard to 
their eggs larvae the characters of the male 
termumlia their distribution and their 
ability to transmit malaria For instance 
the list of species found m North and South 
America as of January 1 1940 stands more 
or less at 64 species of which 27 are found 
north of South America and south of the 
southern boundary of the United States 
and including the Caribbean islands the 
region with which we have to deal 

The list of these 27 species and the man 
aer la which they are classified is given m 
the following table 

Family Culic dae 

Balifamily Cu! cuae 
Tribe Anophelini 
Genoa chaqasu 

batha u* Dyar 1 



90 


Gfllins ANOPHEUS 
Subfenas Stethomyvi 

lompi Edwards - % 

Subgeniu AnopMts 
Group AnopMet 
Bma Anophelts 

guadnjnantlaiiu fia y 3 

woctiljpfnsw Metgen 4 

atTOpos D £ K — — .S 

erueiam Wiei 6 

puncfipfsat* Bay _7 

pseti4opuK«ttp«nnis Tlieob_8 
paropvnetipenau UaTttnL_d 

heeiom Oiagninto 10 

eutn% Cog - 11 

zeidjueiuis De LeoiL___l_ 
Senes CyeloUppteron 

grtibhatnw Tbeob . 1 3 

ueeithpensM D & TT _ - 14 
Group Arnboitagia 

nsomoeulipalpuj CuTry__15 
ptineUiMcula D & IT _ 16 
apunxu^la P £ S . 17 
Snbgeani hyiioTbynehus 
Series argynlanit 

orav«'t«rei« R D, 18 

iiTl\ng\ Boot 19 

dlfttCorsts Amb ___20 
Senes taretmoouiotus 

affttmonus 'Wied.. 21 

IrtanntAatat Ketea A 

Plato 22 

i(roii«t Boot 23 

tartimacvUtta Ooetdi- - 24 

otvaldoi PerfassM ^2$ 

anomalopkyllua Kesop 26 

Subgenus Keritff^ 

nCTW* H D A H _^7 


This classification is adapted from £d 
wards (1932) and differa from iis in one 
minor modification The writer beliOTes 
that Edwards’ group Kerteszia should be 
elevated to a subgeneric rank, co-equal with 


submenus Nyssorhynckus Edwards in a 
personal communication has agreed with 
this contention 

Most of these species are strictly neo- 
tropical, but a few species penetrate the 
area from the north and are found mostly 
at higher elevations on the Blexican 
plateau These species are A punciipen- 
nis, A macvltpennis A q^tadnmaeulatus, 
A emetant, and A atropos One neotropi 
eal species A albimanus, penetrates to the 
northern limit of the area being’ found in 
the lower Rio Grande valley 

The characters of the mde termmalia are 
the basis of classification of the Anophe 
imes mto genera and suhgenera It is 
possible to classify all the 27 species of the 
area under consideration mto these cate 
gories by noting the arrangement of the 
spines on the side piece of the temunalia 
The foJlowmg table shows how this is done 

Cbaracteks op Male TziuicfALU 

Of the genera and subgenera noted above 
Ckagasta Sicthomyia Nyssorkynckus and 
EerUszta are easily recogmaable by the 
characters of the spines on the sidepieces 
of the male terminaha But the suhgenus 
Anoplieies is dmded into a number of 
groups and senes which are rather more 
difficult to separate on male termmalia 
characters The group Anopheles contains 
two senes Anopheles and Cycloleppteron 
In the senes Anopheles, the leaflets of the 
mesosome may be variable m number of 
pairs but all the leaflets are alihe m form 
In the senes Cycloleppteron a single pair 


Crissinc^noif or rae Akopobjhi on Btsts or Bnuxs or Bws rises 
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of very large leaflets 13 present -with or 
Tnthont a smaller pair In the group Arn- 
ialzagvi, the number of pairs of leaflets is 
variable but the largest pair differs in 
shape and sme from the smaller pairs Sub 
genus Nyssorhynckus is easily recognued 
because the dorsal lobes of the claspctte are 
fused to form a single median structure 
the form of which is characteristic m most 
of the species In subgenus Kertesmt the 
poavtvon of the internal spine lying as it 
does between the parabasal and the two 
accessory spines is charactenstie 
A rather complete knowledge of the 
characters of the male terminalia is re 
quired for the separation of the species of 
the subgenera Nyssorhynehva and Kertes 
sia As Boot has well said The adult 
markings of species of this subgenns 
(Nyssorkynchui) are unusually variable 
and in working out the fauna of a region 
vhieh has not been carefully studied previ 
ously It IS essential to base identifloations 
on larval and bypopjgial characters which 
are comparatively stable instead of on the 
variable characters of the adult colora 
tion Because of limitatious of space it 
18 impossible to do more than to indicate 
the characters by which species ma> be 
identified Students desirmg to obtain 
further information on the use of the char 
acters of the male terminalia are referred 
to the separate works listed in the bibli 
ography 

Larval Characters 

In many instances particularly among 
the neotropical species the larvae show bet 
ter differential characters than the adults 
This IS particularly true of the subgenus 
Nyssorhynckus The principal characters 
used in differentiating species ate the 
form and spacing of the anterior clypeal 
hairs of the head the shape of the inner 
hair of the prothoracic submedian hair 
group the shape of the pleural hairs the 
shape and number of the lateral abdommal 
hairs the number of pairs of palmate hairs 
of the abdomen and the form of the indi 
vidual leaflets the shape and arrangement 
of teeth of the comb of the eighth abdoin 
inal segment and in a few species the 


peculiarities of the form of the respiratory 
apparatus A number of other characters 
are of use m differentiating certain species 
but most of the larger groups may be sepa 
rated on the characters enumerated above 

Pupal Characters 

Very little attention has been paid to the 
pupal cbaracters of the Neotropical 
Anophelines as in most cases the differ 
encea are very slight and variable In 
genns Ckagasui senes Cycloleppteron and 
group Arribalzagia however the pupal 
trumpets have characteristic shapes and 
afford better means of separation of species 
than either the larvae or the female adults 
In one important species of subgenus 
Ifyssorkynekus A darltngi the pupal 
trumpets are unique m form and afford 
excellent characters for identification 

Characters op the Female Adults 

A large number of characters has been 
used to define the various genera and sub* 
genera and smaller divisions Probably 
one of the most useful gross characters is 
the color of the legs The tarsi of all the 
legs are black in Sttihomyia kompi and in 
the 10 species of the series Anopheles In 
the senes Cycloleppteron and group Am 
balzagia the legs are speckled and banded 
irregularly with spots of white or yellow 
In the subgeaus Nyssorhynckus the hind 
tarsi have the first segment black the base 
of the second segment black the apex white 
while all the remaining three segments are 
either pure white or have a narrow black 
basal band on the fifth segment 

The scaling of the body is another impor 
taut group character The species of the 
senes Anopheles have no scales on the dor 
sum of the abdomen Those of the group 
Ambalzagia have prominent lateral scale 
tufts on the abdominal segments as do the 
species of subgenus Nyssorhynckus Ker 
teszitt lacks these scale tufts no dorsal 
abdominal scales being present except m 
one species which is not found m our area 

The wing pattern composed of aggrega 
tions of scales of different colors disposed 
along the wing veins la of use m determm 
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mg species but because of the great vana 
tioas which may occur it is less useful than 
might at first appear The prmcipal re 
gions m -which spots of definite value are 
found are the costa the leading edge of the 
wing the third -yein and the sixth vein 
All the species of the suhgenus Nyaso 
rhynchus have very similar wmg patterns 
and there are great variations withm the 
species making it impossible in many in 
stances to identify females by these pat 
terns In the senes Anopheles the wing 
pattern of each species is distmctive and 
usuallj will serve to distinguish species 
readily In the Ambalzagia group the 
pattern is very similar m most of the 
species and other characters such as the 
shape and color of the -wmg scales offer 
better means of separation 

The color markings of the palpi are also 
important characters used in distmguishmg 
species Usual]} the color of the last two 
segments is of some value in separating 
related species 

In the followmg section keja to the 
female adults larvae and male termmalia 
of the 27 species of the Anopbelme species 
found in the region are given The key to 
the female adults mcludes all the species 
found in the region 

That portion of the key to the female 
adults which includes the subgenua Nyaso 
rhynchus most he used with caution for 
the species m this subgenus resemble one 
another closely and are extremelj variable 
m color characters This is particularly 
true of the species of the iarsiTftaculatus 
senes m which are the most dangerous 
vectors of malaria 

Key to Adult Females or Tbibb Anopselihi 
Pound in the Neotbowcal Kioion 
North or South Amebica 
1 ScateUum tnlobed ft medium sized ehaggj 
broHTi species w th dark shaggy paipi 
meaonotum with erect black scales before 
wing bases wings heavilj clothed witb 
broad orate scales mixed dark and light 
not forming definite spots second to fifth 
hmd tarsal segments broadly wh to basally 
black apieally with a narrow black ting near 
base of each segment (Atlantic coast of 
Costa Eica and Panama) (Oenns chagasia) 
eathanus 


gcutelliua not tnlobed crescent-shaped meso 
notum without erect scales before wing 
bases legs not marked as aboTe __ ? 

" Slender black species, without scales on body 
mcsonotum dark brown with a narrow 
white median line in integoment wmg 
scales all black legs very long and slender 
all black (Atlantic coast of Costa Eica, and 
Panama) (Subgeaus stethomtia) _ eompi 
Body with scales at least on anterior promoa 
tory of thorax mesonotum without median 

vbite line _ _ _ 3 

3 Hind tarsi all dark _ _ _ . — . _ ____4 

Hind tarsi with some or all of the terminal 
segments white or Tarionsly spotted, speck 
led or banded with white — - . 


4 Scales on wings all dark thorax without med 

lao gray stripe _ _ _ _ — 5 

Scales forming wing markmgs white and 
black thorax with broad median gray 
stnpe 6 


5 Wings very dark the scales aggregated into 
four indistinct patches os ongm of leecsd 
vein on cross veins and at bases of forks of 
god and 4th veins palpi with white nngs 
at bases of tersuaal segments (rarely ab- 
sent) (southwest Cuba) ^atbopos 

Wings lighter the scales forming four distinct 
darker spots on origin of second vein on 
cross veins and at bases of forks of 2nd and 
4tb veins palpi without white rings — 

MACUUmfWS 

QUADBOUCULATUS 


Hind tibia with broad white apical band 
-wiog scales dark except for a small white 
spot at basal third of first vein, and one 
la^ and one small white spot at apex of 

wing (Panama to Mexico) — xisENi 

Bind tibia all dark white wing spots not as 
above 7 


7 Hind femur with narrow white apical band 

wing scales dark except for white areas at 
apex of wing on tip of costa and on tip of 
first vein wing fringe white at this point 

(Oaatemala) ^lajxtensis 

Hmd femur and all other segments of leg 
dark wings -with many areas of black and 
white scales — — 8 

8 Palpi all dark without white rings a broad 

white spot on costa also involving first vein 
and base of second vein another at tip of 
first vein remainder of costa dark sixth 
vein dark at both ends white m middle 

(Mexico) - ppNCTiPE'ma 

Palpi with wh te rings on some of the seg 
mests wings vanonsly marked but sixth 
vein not as above 

9 Palpi marked with white on temunal segment 

and on two preceding segments costa of 
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wiag all dark aeept for a white spot at 
apex iDTolTuig also the t ps of first Teia and 

nppet braath of eeeon.4 Ttm Mthfeiawith. 
three dark spots (Antilles Yucatan to Hon 

dniaa) - cnncuSS 

Palpi white marked costa of wing not as 
aboTo sixth vein vanouslj marked 10 

10 Costa of wing with two white spots one at 
junction of subcosta, and another at apex of 
wmg both also inxelTing areas opposite an 
first vein sixth Tein bssallj white apieallj ** 

dark psxroOPOSCTirKKHls 

Sixth Tern not bassUj white ap csUf dark. _11 
IL Costa of wing with three large white spota 
one at junction of eosfa and lubcosta, an 
other between this and base of wnsg and a 
third at apex of wing inTolnng also t p of 
first vein sixth xein white with a central 
dark area and one at apex — _ 

pa&aPONcrcPEHtna ]t» 
Costa of wing with two white spots ooe at 
junction of costa and fubeostSi, broadlj in 
volTing first xein, and another at apex of 
wing UTolTing tip of first xein also three 
dark spots on sixth vsin one at base and one 
a middle small the spot at apex of Tcin 
larger another small black spot near ongtn 
of fourth rein (hlenco Quatemsla) 

BXCTOUS 

IS Hind tarsi with ap cal portion of second seg 
meat white all of third fourth and fifth 
segments white with or without a narrow 
black basal nng on filth segment (subgcnns 

l?pssorliyitchos) _ _ _ J3 

Hind tarsi not so marked J> 

13 Hud tarsi with fifth segment all white 14 

Hind tarn with narrow black basal nag on 

fifth segment _ _ — Ifi 

It First abdominal atemite with two parsLOel 
lines of white scales mid tarial segments 
with white nngt second hmd tarsal seg 
meat neailj hotf black white (Panama 
Costa Bica) auiTinsiB 

First abdominal atemite bare without lines of 
white scales 15 

15 hfid tarsal segments with narrow white rings 
next to last segment of palpi with maoj 
white scales terminal segment white second 
hmd tarsal segment nsnallF h«is black 
(sometimes more) a narrow white nng at 
apex of first hmd tarsal segment (Bntiab 

Honduras and Guatemala) sanuDOl 

II d tarsal segments without white rmgs next 
to last segment of palpi all black terminal 
segment only wh te second hind tarsal seg 
ment about one-third black first hind tarsal 
segment without ap cal white nag (Fasanta 
to Mexico) 


16 Second hind tarsal segment about one sixth 
black at base (Panama, Costa Hica) _ — — 

OSWiXDOI 

Second hind tarsal segment more than one 

sixth black at base If 

Hast two segments of palpi white — 18 

Termisal segment of palpi white preceding 
segment all blade or with few white 

scales — 18 

Second segment of hind tarsi about half black 
half white (breeds in salt water Atlantic 
coast of Panama) _ __Tissi»aCTrATus 
Second segment of bind tarsi less than half 
black (sfrodet in fresh water ponds Panama 
to Mexico anomoZopkpJlus in running 
streams Atlantis coast of Panama and south 

era Costa Rica) btsodm 

AHOUlIhPHTbLUS 

Large species the white spots on costa of wing 
broad spot B2 (the costal white spot second 
from base) larger than preceding black spot 
(Panama to Hrownsnlle Texas Grsater 

Antilles) - aLSDOmis 

Smaller speuss the white spots on costa of 
wug reduced spot B. usually smaller than 
preceding black spot (Panama Costa Sica) 

_ ThUNHUIATOB 

(FormsrlF hiCBiuMn) 
SO UssoBotma grt^ with four bare black lines 
costa of wug with four or fire alternatug 
subegual black and whits spots hind tarsal 
segments carrowly black baially b oadly 
white apieally abdomen without scales 
(subgenus Hertessia Panama northward) 
_ _ Jfxrrii 

Mesonotum wings and legs not as above 
femora and tibiae spotted — -i 

xl Costs of wing with a prominent bend or 
kiak at junet on of aubcosta lateral 
abdominal scale tufts present (group Am* 

hoLogia) 2 

Costa of wing straight without such a kink 
hind tarsi snth narrow light rugs at the 
jomts lateral abdominal scale tufts absent 

(senes Cyelolsppteron) 4 

Qosta of wug with only two large dark spota 
black spot at apex of wmg usually large 
distinct fifth rein speckled with light and 
dark scales (Panama Costa Bica probably 

northward) KXOitAcuLiPiiPUB 

Costa of wug with three large dark spots 
brownish or blackish species with pale scales 

of wug e tber white or yellow 23 

l,arge brownish species mngs with brown, 
white and yellow scales fifth rein speckled 
with dark and pale scales dark spot at apex 
of wug diffuse about the same tixe as the 
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dftrk spot b€tvreea it and tke third large 
costal spot (Panama to Meiieo) _ _ 

pnwmmrnr.t 

Smaller black species wings with black and 
white scales onlj fifth rein blaek on stem 
and lower fork black spot at apex of wing 
prominent larger than black spot between it 
and the third large costal spot (Panama 
northward) apicruacDi.A 

A small species wings mostlj white scaled 
edge of costa black with a conspicuous dark 
spot at middle dark wing scales large some 
nearly eircular (West Indian islands) _ _ 
CKABItAUn 

A large brown species wmgs mostly dark 
scaled scales narrow a few small yellow 
spots on costa and apex of wing hind tarsi 
usually with narrow yellow rings on both 
ends of segments (sometimes absent) 
(Greater Antilles Dominica southern Mez 
ICO British Honduras southward along At 

lantic coast to northern Panama) 

TMTmrxKNia 


not tluckened tips of posterior plates of 
respiratory apparatus rounded (Guatemala 
at high altitudes) ______ ____aECT0U8 

5 Outer anterior clypeal hairs usually formmg 
a fan shaped tuft inner clypeal hairs sim 
pie set close together well developed pal 
mate hairs on third to seventh segments 

only 6 

Outer anterior clypeal hairs never forming a 
fan shaped tuft inner clypeal hairs simple 
eet dose together or far apart palmate 
burs present ot absent on abdominal seg 
ments 1 and 2 present on segments 3 to 7 _ 9 
d Anterior dorsal hair of protboraeie pleural 
hair group with a few lateral branches 
lateral hairs of abdominal segments 4 and S 
normally double sometimes tnple ventral 
sabre of antenna with truncate frayed tip 

vxsjmprJOHs 

All long hairs of prothoraeic pleural hnir 
group simple unbranehed lateral hairs of 
abdominal segments 4 and 6 single or 
double _ _ — _______ ___7 


Kgy ro TBS Laivaz or rai Abopbcun; Fouxo tn 

TKt NEOnOPlCAL KZOIOM KOBTB OP 

South Auesica 

1 Without apparent and functional pabnate 

hairs a long annulated process esdmg in a 
split bristle arises from each lateral flap of 
respiratory apparatus (Panama Costa Rica) 

(subgenus SUthomyta] _ Koicri 

With three oz more pairs of well developed 
abdominal palmate hairs lateral flaps of 
respiratory apparatus not as above — . _ 2 

2 Integument very hairy palmate hairs with 

racket shaped elements present on third 
fourth and fifth abdominal segments a 
single long filament arises from anterior 
plate of respiratory apparatus (stream 
breeder Panama Costa Rica Bntisb Bon 
duras) (Genus CHaoASU) BSTHAmtS 

Integument not hairy with more than three 
pairs of well developed abdominal palmate 
hairs respiratory apparatus not as above _ 3 

3 Lateral abdominal hairs on segments 4 S and 

6 with coarse lateral branches 4 

XiSteral abdominal hairs on segments 4 5 and 
on 6 if present without coarse lateral 
branches _ — 5 

4 Outer and inner anterior and posterior clypeal 

hairs long simple subequal mesothoraeie 
and metathorscic pleural hairs much thick 
ened spine like tips of posterior plates of 
respiratoiy apparstus produced into two long 
blaek upcumng tails FsirooruNCTivKons 
Anterior internal clypeal hairs notably longer 
and stronger than external hairs meso and 
metathorscic pleural hairs slender normal. 


7 Ventral tabrs of antenna squarely truncate 

the tip frayed outer anterior clypeal hairs 
normally forming a long tuft with many 
ultimate brsnebes lateral hairs of abdomi 
nal segments 4 and 5 single (Central and 
South American mainland Tnnidad) _ 
rUKCTIBiCCLA 

Ventral eabre of antenna pointed outer an 
tenor elypeal hairs forming a dense flat 
tened toft shorter than inner elypeal hairs 
lateral abdominal hairs of 4th and 5th seg 
meats branched 8 

8 Branching of outer anterior elypeal hairs di 

chotomous without additional fine branches 
lateral hairs of abdominal segments 4 and 5 
usually double from base (Canbbean 

Islands) oaiwHAitn 

Branching of outer anterior c^eal hairs 
falsely dichotomous with many fine simple 
elements in addition to dichotomous 
branches lateral hairs of abdominal seg 
ments 4 and 5 variable usually tnply 
branched (eometimes more) from basal third 
(Canbbean coast from Yucatan to Spanish 
Honduras Greater Antilles) caucuBS 

9 Ffoatal hairs of head simple at most finely 

frayed lateral abdominal hairs of segments 
4 5 SLud 6 finely feathered teeth of pecten 
all long subequal palmate hairs absent on 
first abdominal segment, leafiets straplike 
with truncate bps (snbgwins Kerietzia 
bromeltad inhabiting Central America) ■ 

mvai 

Brontal hairs of head plumose lateral hairs of 
abdominal segments 4 and S and on 6 it 
present smiple not feathered pecten teeth 
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iire^ular in length leaflets of palmate baut 
always pointed — — 30 

10 Well-developed palmate haus preeent on an 

abdominal segments (1 to 7} lateral ab 
dominal hairs present on segments 4 5 and 
6 clypeal bans Tanously arranged (sob 
genus J7yssorAi/ncliu») _ _ — J5 

Well developed palmate hairs present on ab 
dominal segments 2 to 7 only lateral ab- 
dominal hairs present or absent on segment 
6 inner clypeal hairs close together outer 
clypeal hairs simple 11 

11 Well developed palmate hairs p esent on ab 

dominal segments to 7 only lateral ab- 
dominal hairs present or absent on segment 

0 - 12 

Well developed palmate hairs present on ab 
dominal segments 3 to 7 only lateral ab 
dominal hairs present on segments 4 and 5 
only H 

12 Lateral abdominal hairs present on segments 

4 S and ivngle one of the two long mcta 
thorae e pleural hairs hranched at t p pal 
mate hairs with narrow lanceolate smooth 
leaflets _ Atamraasis 

Lateral ahdoe nal hairs present on segments 
4 and 6 only absent on 6 both long meta 
thorae e pleural hairs simple 13 

IS Lateral hair of thud abdominal segment stoot 
plumose normal lateral abdominal hairs of 
segments 4 and 5 normally double elements 
of palmate haus wide with serrations be 
yond middle usually a small transparent 
larva (Central and South Amencan mam 
land) E18KHI 

Lateral hair of thud abdominal segment with 
slender stra ght central shaft with fine 
lateral branches difficult to see lateral ab 
dommal haus of segments 4 and S simple 
short slender elements of palmate hai s 
long lanceolate with faint lerrat one a 
very large darlc larva (Central America at 
high alt tudes syn ehtn^ tensis) 

PAUFUNcnrmsRiB 
li Inner anterior clypeal haus notably thiehcr 
and stronger than outer clypeal ba s all the 
long hairs of the p othoramc plenral hau 
group simple late al hairs of abdominal 
segments 4 and 5 usually smgle s dorsal 
longitudinal white line usually pte ent on 
thorax and abdomen neokacqufalfos 
I nne ante or clypeal hairs not notably thicker 
and stronger than outer clypeal hairs an 
tenor dorsal hau of the p othoracie pleiral 
hair group w th a few late al branch a 
late al hairs of sbdominal segments 4 and 
5 ususUy double dorsum of thorax and 
abdomen vanously marked _ ^iciuacDXA 
15 Postenor plates of tpiracular apparatus snth 


two long filaments ansing from strong 
tubercles about midway of length of plate 
spurs at bases of pleural haus very long 
strong inner prothoracic auhmedian hair 

with fine branches from slender shaft 

Dakunoi 

Posterior plates of spiracnlar apparatus not 
as above without long filaments spurs at 
bases of pleural hairs moderate inner pro 
thoracic submed an hau not with fine 
branches from slender central shaft 15 

Ifi Inner pTothoracic submedian hau with abaft 
thickened and widened with many hairlike 
lateral branches anterior dorsal hair of pro 
thoracic pleural hau group with many fine 
lateral branches ALBiMAmrs 

Inner prothoracic sobmedian hau palmate all 
the long hairs of the prothoraeie pleural 
hau group simple _ _ 17 

17 Inner anterior clypeal haus so spaced that 

diatanee between them is more than one 
thud of the distance between the inner snd 
the outer elypeal hairs 18 

Inner anterior clypeal bai s so spaced that 
distance between them is lees than one third 
of the d stance between the inner and the 
outer clypeal hairs elements of abdonunal 
palmate hsus notably very long smooth 
pointed I 

18 Anterior clypeal ba ri nearly evenly spaeed 

vnth few ^e lateral branches 19 

Antenor interna] clypeal ham closer than dis 
tance between inner and outer elypeal haiia 
and witb many coarse lateral branches £0 

19 Inner submediaii protho scic hau small pal 

mate about one thud the length of the m d 
die hau mth about IS to 18 very fine hau 
like leaflets larva small usually dark green 
with white spots BACHUAHKl 

Inner submedian prothoracic hau very large 
about half the length of the middle hair 
palmate with about 15 narrow lanceolate 
leaflets usually heavily infuscated larva 
Urge variously colored _ ALsmasia 

SO Outer antenor clypeal hairs w th many lateral 
branche from shaft inner submedian pro- 
(fioracie hau palmate with about 12 broad 
lanceolate blunt t pped leaflets outer pair 
of frontal haus of head not notably longer 
and stronger than other frontal hairs 
(brackish wate breeder) -Tabsimacitlatos 
Outer ante or clypeal hairs with few lateral 
branches from shaft inner submed an pro- 
thorac c hau palmate with about 10 broad 
lanceolate leaflets outer pau of frontal 
hairs of head notably longer and stronger 
than other frontal ham (fresh water 

breeder) osWAtnoi 

L Inner anterior clypeal haus very close to- 



dark spot between it and the third large 
costal spot (Panama to llexieo) 

PUNcmfscniA 

Smaller black species wings with black and 
white scales only fifth Tein black on alem 
and lower fork black spot at apex of wing 
prominent larger than hlack spot between it 
and the third large eostal spot (Panama 
northward) _ _ AKcniicDt-a 

24 A small species wings mostly white sealed 
edge of costa black with a eonspieuous dark 
spot at middle dark wmg scales large some 
nearly ctreular (West Indian islands) 

CBABHaVU 

A large hrown species wmgs mostly dark 
scaled scales narrow a few small yellow 
spots on eosta and apex of wing hind tarsi 
usually with narrow yellow rings on both 
ends of segments (sometimes absent) 
(Greater Antilles Dominica southern Mex 
ICO Sntish Honduras southward along At 
lantie eoast to northern Panama) 

TISTITtrBMNIS 

Ktr TO TBS LuPiB or the AnoPBajtrz Fovno xn 
TBX Heotbopical Beoiok Noith or 
BOUIH Auewca 

1 Without apparent and functional palmate 

hairs a long annulated process ending in a 
split bristle arises from each lateral flap of 
respiratory apparatus (Panama Costa Rica) 

(subgenus Kourt 

With three or more pairs of well iereloped 
abdominal palmate hairs lateral flaps of 
respiratory apparatus not as abore 2 

2 Integument very hairy palmate hairs with 

racket shaped elements present on third 
fourth and fifth abdominal segments a 
single long filament arises from anterior 
plate of respiratory apparatus (stream 
breeder Panama Costa Hica British Boa 
duras) (Genas CBSoasiA) BATHaims 

Integument not hairy with more than three 
pairs of well developed abdominal palmate 
hairs respiratory apparatus not as above 3 

3 Lateral abdominal hairs on segments 4 5 and 

6 with eoarse lateral hranehes _ _ 4 

Lateral abdominal hairs on segments 4 5 and 
on 9 If present without coarse lateral 
branthes _ - — 5 

4 Outer and inner anterior and posterior elypeal 

hairs long simple subequal mesothoracic 
and metathoracie pleural hairs much thick 
ened spine like tips of posterior plates of 
respiratory apparatus produced into two long 
black upeumng tails rsnunopuNciiPEHSis 
Anterior internal elypeal hairs notably longer 
and stronger than external hairs meso and 
metathoramc pleural hairs slender normal 


not thickened tips of posterior plates of 
respiratory apparatus rounded (Guatemala 
at high altitudes) __ _ _ _ ___hectobi9 

5 Outer anterior elypeal hairs usually forming 

a fan shaped tuft inner elypeal hairs sim 
pie set close together well developed pal 
mate hairs on third to seventh segments 

only 6 

Outer anterior elypeal hairs never forming a 
fan shaped tuft inner elypeal hairs simple 
set close together or far apart palmate 
hairs present or absent on abdominal seg 
Bents 1 and 2 present on segments 3 to 7 -2 

6 Anterior dorsal hair of prothoraeic pleural 

hair group with a few lateral branches 
lateral hairs of abdosuaal aegmenta 4 and 5 
normally double sometimes triple ventral 
sabre of antenna with truncate frayed tip 

— _ _ .^TXSnriPENNIS 

All long hairs of prothoraeic pleural hair 
group simple unbranched lateral hairs of 
abdominal segments 4 and 5 single or 
double ^ _ ___ _ - f 

7 'Ventral sabre ot antenna squarely truaeata 

tbe tip frayed outer anterior elypeal hairs 
normally forming a long tuft snth many 
ultimate branches lateral hatn of abdonu 
nal segments 4 and 6 single (Central and 
South Amenean mainland Tnnidad) ___ 
ruNcnuicuu 

Ventral sabre of antenna pouted outer an 
tenor elypeal baire forming a dense flat 
tened tuft shorter than uner elypeal haira 
lateral abdominal baira of 4th and Sth seg 
menta branched — ^ ^ _ —8 

8 Branching of outer antenor elypeal hairs di 

chotomous without additional fine branches 
lateral hairs of abdominal segments 4 and 5 
usually double from base (Canbbean 

Islands) __ oaiBBAun 

BrsDching of outer antenor elypeal hairs 
falsely dichotomous with many fine simple 
elements in addition to dichotomous 
branches lateral haira of abdominal seg 
ments 4 and 5 variable usually triply 
branched (sometimes more) from basal third 
(Caribbean eoast from Tucatan to Spanish 
Honduras Oreatei Antilles) cbdcuns 

9 Fnatal hairs of head simple at most finely 

frayed lateral abdominal hairs of segments 
4 5 and 6 finely feathered teeth of peeten 
■>11 long Bubequal palmate hairs absent on 
first abdominal segment leaflets straplike 
with truncate tips (subgenns Keriesata 

bromeliad inhabiting Central America) 

HEivai 

Frontal hairs of head plumose lateral hairs of 
abdominal segments 4 and 5 and on fl if 
present simple not feathered peeten teeth 
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without pouchlike projections lint with 
curved ndges from apex AaOTswassis 

1$ Fused ventral lobes of cla pette with eolunmar 
truncate apex with distinct median cmargi 
nation the membrane below expanded into 
a pair of prominent haulees ovo d lobeo 

ALBIUAKVS 

Fused ventral lobes not as above 17 

17 Apex of fused ventral lobes of claspette aotn 

bif modihed with raised atnat ons ox pro 
jectiona _ _ _ 18 

Apex of fused ventral lobes of ^aspetle 
rounded or slightly emarginate not notab^ 
modified _ _ — -.---19 

18 Apex of fused ventral lobes of elaapette mlh 

lateral earliho expansions basal lobules 
s mall vnth fine haira filaments of dorsal 
claspette lobes abort with rounded tips 
(syn BACHKAmn) _ TSiAHmn.aTDs 


Apex of fused ventral lobes of claspette with 
erect rugose lateral expansions basal 
lobnles large with long hairs from free 
margin filaments of dorsal lobes long 
pointed - STSOSEl 

19 Fused ventral lobes of claspette with long 

apron lihe ha ry basal lobules 0 

Fused ventral lobes of claspette without euch 
basal lobules low rounded obsoletely stn 

ate _ - _ _ AL5ITABSIS 

20 A crescent shaped cbitimied area above basal 

aappoiting atrip below apex of ventral 
lobn long apron lihe basal lobules with 
dutal free margins fringed with very long 
reflexed hairs oswaldoi 

A round ehitimzed spot just above supporting 
basal str p below apex of ventral lobes 
long apron like basal lobules with short 
radiating hairs (Agiuualw) 

TAK82UACULATUS 
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gether less than one third the distance be 
tween inner and outer dypeal hair* inner 
submedian prothoracic hair palmate with 
about 15 narrow lanceolate leaflets BnoDCi 
Inner anterior cljpeal hairs not so close to 
getber about one-third the distance between 
inner and outer clTpeal hairs inner subme 
dian prothoracic hair palmate with about 10 
narrow lanceolate leaflets (rapid stream 
breeder Costa Rica) akoualopbtllus 

Key to the Mile Tehminalia or the Neotsopical 
Species or the Akophelihi RHCoinnESED 
Nobth or SotTTH Auebica 

1 Side piece without parabasal spine a large 

spinosa sub basal lobe present (genus rm 
OASU) _ BATBAMHS 

Side piece with parabasal spine or sputea 
(genns avopheles) _ 2 

2 Side piece with two spines one rerj targe 

parabasal one internal (subgeaus £lctho 
mytO) ROMPI 

Side piece with three spines two parabasal 
one latemal (subgenus Anopheles) 9 

Side piece with four apinos one parabasal 
two accessorj one istetoal (aubgesera 
^irssorhpnchtts and fertesno) 12 

3 Mesosome without leaflets outer lobe of 

elaspette with three loog fllamente the tipe 
much broadened and bent inwards pipe 
shaped inner lobe with two or mote nar 
row flattened pointed filaments the outer 
most the longest (Guatemalan highlands) 

XELAJOENBIS 

Mesosome With leaflets lobes of claspetto not 
as above — - - 4 

4 Mesosome with leoflets all of the same general 

shape (series Anopheles) 5 

Terminal leafltta of mesoeome alwaja longer 
and header than others (group Ambol 
sapto and senes CycMfpp(eron) _ 8 

5 Mesosome with a single pair of long blaek 

serrate leaflets mesosome long slender nor 
mill „ AI8ENT 

Mesosome with more than a single pair of 
leaflets these leaflets small trsaaparent 
difficultly visible mesosome short curved 4 

6 Claspette lobes with two or three very long 

inwardly curving setae at apex __ 7 

Claspette lobes with one or two fused bladelike 
flamenta on outer lobe inner lobe with a 
single long pomted seta at apex, and a 
shorter slender seta on internal aspect at 
base mesosome with one or two pairs of 
small broad shallowly serrate leaflets 

PAnAFUKCTipemtis 

7 Mesosome with two or three pairs of long ser 

rate leaflets if three pairs the middle pair 
the longest outer lobe of claspette with 


three somewhat fused bladelike, pointed fila- 
ments _ __ _____nECTOSIS 

Mesosome with on© to four pairs of small deb 
catc deeply serrate leaflets outer lobe of 
claspette with two or three somewhat fused 
bladelike, rounded filaments _ __ 

PSETOOPUNCnpEVKia 

8 Mesosome with a single pair of very long 

lanceolate leaflets three quarters the length 

of the mesosome VEsimpENNis 

Mesosome with more than a single pair of 
leaflets _ 9 

9 Mesosome with two pairs of leaflets the ter 

minal pair large the smaller pair less than 
half the length of the larger (Antilles) 

GEABEIUH 

Mesosome with more than two pairs of leaf 
lets _ _ 10 

10 Terminal leaflets mneh larger than the other 

pairs elongate diamond shaped with central 
nb and hyaline margins _ pcnctihacula 
T erminal leaflets without hyaline margins 11 

11 Terminal leaflets about twice the length of the 

next smaller pair saber shaped, ventral 
claspette lobes very hairy ^PlciUAOUbi 
Terminal leaflets very wide the other pairs 
usually four all very slender and nearly os 
long as the terminal pur elaspette lobes 
scarcely hairy, with one stout api^ hair and 
two smaller accessory hairs - - _ 

NIOUACOUFAtPUS 

12 Side piece with internal spine between aeces 

Bory spmes and parabasal spine mesosome 
slender tapering without terminal leaflets 
(Bubgenus Kertetna) _ - NXivAI 

Side piece with internal spine between acees 
soiy spines and apex of side piece (subgenns 
^yssorkynchus) __ — 13 

13 Mesosome with a pur of leaflets _ _ ___ 14 

Mesosome without leaflets - __ _ _ 16 

14 Fused ventral lobes of claspette with long 

hairy basal lobules as in etwaldot me$o 
some with two long straight thick tapering 
leaflets coarsely serrate on outer terminal 

linlf _AN0MAL0PBTLLtI8 

Fused ventral lobes of elaspette low without 
long bury basal lobules — — -15 

15 Tip of mesosome long scoop shaped a pair 

of leaflets from sbght offsets on sides leaf 
lets long straight somewhat widened at 
middle deeply serrate on terminal half 
fused ventral lobes of claspette with rounded 
apex with microtrichia and two small hair 
less wrinkled pouchlike ventral projections 

basally _ _ -DAelinoi 

Tip of mesosome very short rounded the pair 
of leaflets not from offsets short curved 
serrate fused ventral lobes of claspette low 
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tnbuted from Brownsville Texas ( Kin g 
1937) to the northern part of South Amer 
ica King doubts the identity of speeixnena 
taken in New Orleans and although a num 
her of adults were captured by MacDonell 
in Kej West m 1904 the species did not 
become established there (King 1937) 
According to Hoffmann (1932 1938a) its 
range in Mexico includes the Gulf Coast 
from Brownsville to the State of Quintana 
Roo but north of Tampico it is rather 
scarce South of Tampico it is the predomi 
nant Anophelme and breeds not only in the 
bttoral but extends inland to an altitude of 
400 meters along the river vallejs The 
northern part of the Peninsula of Yucatan 
13 very dry and here A albtmawus is found 
near villages and other human habitations 
where water is stored in artificial reservoirs 
Swamps that form m isolated areas along 
the coast during the rainy season are m 
habited the species In the southern 
part of the Peninsula there are more nato 
ral breeding places here Hoffmann also 
took the species inland m uninhabited for 
eat areas On the Pacific coast of Mexico 
It is distributed from Guatemala to the 
northern part of the State of Sinaloa This 
region is much drier than is the QuU Coast 
thus A albtmanus is not so abundant here 
Although the natural range of A albiTitaniu 
in Mexico is limited to the coastal areas 
occasionally it is found farther inland at 
higher altitndes especiaUy during the rainy 
season Hoffmann records it from Mooter 
rey Nuevo Leon 545 meters above sea level 
and from the village of Autlan in the State 
of Jalisco 1 003 meters above sea level 
MoUoy (1932) says that A albtmanus is 
constantly encroaching on the highlands of 
Central America and de Leon s (1933b) 
map shows it to be not only along the At 
Untie and Pacific coasts of Guatemala but 
inland as far as Guatemala City at an alti 
tude of 4 500 feet It has been taken in a 
number of localities m El Salvador (Larde 
Arthes 1921 Sutter 1939) Niearagaa 
(Kumm 1929b) Spanish Honduras (Whit 
more Roberts and Jantzen 1929) and 
British Honduras (Kumm 1940b) In 
Costa Rica it is the predominant species 


(Barber and Komp 1927 Kumm Komp 
and Ruiz 1940 Kumm and Ruiz 1939b 
Boot 1924c) especially in the lowlands but 
breeding may be heavy m drj ing river beds 
at elevations of 2 500 feet (Salisbury and 
Comgan 1927) Kumm and Ruiz (1939b) 
found it m 85 localities at less than 1 000 
feet elevation in six from 1 000 to 3 000 
feet and not at all above 3 000 feet 

Published records from Panama except 
mg those from the Canal Zone seem to be 
rather meagre but there are enough to 
show that the species is present throughout 
the country at least m the coastal areas 
(Barber Komp and Newman 1929a Dunn 
1934 Komp 1929a Komp 1929b Kumm 
1929b) 

A albtmanus is found in many of the 
West Indian Islands It appears to mhabit 
almost all of Cuba (Carr blelendez and Ros 
1940 Kumm 1929b Malaret 1929) but 
Carr Melendez and Ros (1940) state that m 
the Provmce of Oriente it is most abundant 
in areas less than 1 000 feet above sea level 
Hoffman (1926) Root (1927) took it m a 
number of localities in Haiti meludii^ La 
Vaoneau with an elevation of 2500 feet but 
it IS more prevalent at lower altitudes 
(KLnk 1933) It is distributed throughout 
Puerto Rico from the mountains to the 
seashore (Earle 1930b Root 1922 ToUoch 

1937) and although it may be taken m most 
parts of Jamaica it seems to be scarce m 
those areas of the Island that have an ele- 
vation of 500 feet or more while it is espe- 
cially abundant in the lowlands (Boyd and 
Ans 1929) Russo (1927) says that it is the 
most important anophelme m Santo Do- 
mu^ It has been reported from St 
Thomas (Hoffman 1930) St Croix (Knmm 
1929b) Culebra (Hoffman 1940) Vieqnes 
(Howard Dyar and Knab 1917b) Tortola 
(Hoffman 1930) Nevis (Hoffman 1930) 
Montserrat (Hoffman 1930) Antigua (Ed 
wards and Box 1940) St Vmcent (Senevet 
1936} Dommica (Senevet 1936) Ouade 
loupe (Francois-Julien 1930 Senevet 

1938) and Barbados (Kumm 1940b Seagar 
1928) It IS absent from Grenada (Earle 
1936b Boot and Andrews 1938) St Lueia 
(Ekirle 1936b) Martinique (Senevet 1936) 



DISTRIBUTION AND ECOLOGY OF THE ANOPH- 
ELES MOSQUITOES OF THE 
CARIBBEAN REGION 
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PUSUC BULTH 

The biological characteristics that deter 
mine whether an Anopheles mosquito is 
harmless or a dangerous malaria lector are 
Its susceptibility to malaria parasites blood 
preferences attraction to human habita 
tions, range of flight longevity and abnn 
dance To be abundant enough to be 
dangerous usually a vnde range of breed 
mg places must be available to the mos* 
quito ordmarily those species that are 
restricted to a special type of water are too 
scarce to play an important role in malaria 
transmission With our present knowledge 
it IS impossible to outline the character 
istics that make various types of water 
favorable or unfavorable as breeding places 
for the Caribbean Anopbelmes Beattie 
(1932) made a studv of the physicochemi 
cal factors of A tarsimaculatus (saqua 
salisl) breeding waters in Trimdad but 
could find no correlation between larval 
mcidence and pH carbon dioxide organic 
nitrogen dissolved oxygen, nitrites ni 
trates or phosphates although ammoma 
nitrogen repelled the ovipositing females 
In general the Caribbean anophelines can 
be disided into two groups those that re 
quire sunbght for breeding and those that 
require shade Some of the former are apt 
to be more closely associated with man as 
they arc often abundant m cleared areas 
near human habitations the latter are 
typically forest species Most species are 
found in fresh water one prefers brackish 
water while others will breed in both fresh 
and brackish water Some species are 
rather closely associated with certam kinds 
of aquatic vegetation and often this associ 
ation seems to be more than a mere concen 
tration of larvae m protected places 


BALTIUOXZ UD 

Twenty nme species of anophelmes have 
been found m the Caribbean region from 
Panama to the southern border of the 
United States Several of them really be 
long to the temperate fauna and to avoid 
duplication little mention will be made of 
them in this paper 

Note? on the Species 

Chagasxa bafhanus was described by Dyar 
from specimens collected near Gatun Canal 
Zone by Mr C H Bath (Curry 1928 Djar 
1928) It has been recorded from western 
Panama (Komp 1929a), Costa Rica (Summ, 
Komp and Ruis 1940) British Honduras 
(Kumm 1940b) and Venezuela (Qabaldon 
Herrera and Perez Vivas 1940) Martini 
(1935) says that a single specimen was cap 
tnred by Dampf m the State of Chiapas 
Mexico The larvae prefer shaded water 
along the edges of streams, they have a 
predilection for shady pools m the streams 
(Kumm Komp and Buiz 1940) but are also 
found m running water The species may 
be abundant in certain restricted localities 
but It IS a rare mosquito Adult females 
have been captured while they were feeding 
on horses (Kumm Komp and Ruiz 1940) 
but apparently they seldom feed on man 
A (Slethomyta) kompt is rather rare 
but has been recorded from Brazil (Shan 
non 1933) Venezuela (Gabaldon 1939a) 
Panama (Curry 1931b Edwards 1930) 
and ChBto Rica (Kumm Komp and Ruiz 
1940) Komp (1940b) states that m Panama 
the larvae are found in stream pools at the 
end of the rainy season and are rarely 
abundant The adults will bite man 
A albxmanus the most important malaria 
vector of the Caribbean region is dis- 
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but that the distance is covered in a senes 
of short flights during -which the mosqtii 
toes feed on gametocTte carriers outside of 
the sanitated areas cansing many of the 
mosquitoes to become infected with malana 
thos carrymg the disease to inhabitants of 
the sanitated areas According to Le Prince 
and Orenstem (1916), who observed flights 
of large numbers of A atbimanus and A 
aquasalis m the Canal Zone the mosquitoes 
become active during t-wibght in the even 
mg they flew from a brackish water area to 
Qatun and in the early morning they re 
turned to the breeding places These mos 
quitoes flew from a half mile to a mile at 
right angles to the strong dry season winds 
above ground that had very little protection 
m the form of hush or grass Judging from 
the actions of birds feeding on the flying 
insects flight took place from less than six 
feet to 30 or 40 feet above the surface of the 
ground Jobbins (1940) in Panama also 
observed flight of A albimenue between 
6 SO and 'J 30 pu Apparently copula 
tion takes place only during twilight hours 
(Rozeboom 1936) 

The seasonal abundance of A alhmanus 
seems to be directly related to rainfall 
Qabaldon (1939a) shows this in his Vene 
zuelan records Keverthelesa m some areas 
where breeding is largely confined to im 
pounded waters or rivers the dry season 
favors the appearance of certain types of 
aquatic vegetation m which hreedmg is 
especially heavy This is the case in Gatun 
Lake m the Canal Zone (Curry 1934) and 
in the Chagres River where Jobhins (l£WO) 
and Clark, Komp and Jobhins (1940) noted 
the peak of emergence in 1939 to be in 
April several weeks before the onset of the 
rainy season In Mexico there is a marked 
reduction of A flthtmanus duTing the dry 
winter season and in some areas the larvae 
disappear while the females pass through 
the -winter in a state of inactivity (Hoff 
mann 1938a) Giaqumto Mira (1936) 
noted that during the long dry season at 
Charaperico Guatemala the females re- 
mained in crab holes containmg water and 
did not mature their e^gs until the coming 
of the rainy season 


The females feed readily on man but also 
attack animals m fact the observations of 
Earle and Howard (1936) m Puerto Rico 
indicate a marked preference by A dlbt 
tnaniii for horses and oxen and while goats 
and pigs were not so attractive as horses 
and oxen the mosquitoes fed on them as 
readily as they did on man Le Prince and 
Orenstem (1916) noticed that a horse was 
more attractive than men In the villages 
of Las Guacas and Santa Rosa in Panama 
Rozeboom (1938a) ca-ught 578 Anopheles la 
native huts of which 472 were A olbi- 
manuj but of 349 female auophelines taken 
while they were feeding on pigs near these 
villages only four were A albtmanus 

The females are \ery domestic and 
within most of its range A olbimonuj is the 
most common aBophelme found m honses 
But the females do not remain long m 
bouses most of them return to the jungle 
or to their breeding places soon after feed 
mg or early m the morcing (Barber and 
Komp 1927 Green 1922) The> do not 
seem to congregate m preferred daytime 
resting places (Earle and Howard 1936 
Rozeboom 1938a) although Le Prmce and 
Orenstem (1916) saw large numbers on the 
leeward ade of trees near extensive breed 
ing places 

A tnannulatus was described by Neiva 
and Pmto (1922) unfortunately ttis mis- 
leading name has priority over A bach 
manm Petrocchi 1925 (Gahao and Bar 
retto 1933) The species was described 
from Brazil but it has been collected as far 
north as Puntarenas Costa Rica (Ivumm 
Komp and Ruiz 194D) In Panama the 
larvae are found within the cup-shaded 
enclosure formed by the ero-wn of leaves of 
Pistio (water lettuce) and where extensive 
areas of these plants exist Iriannulatus mav 
be very abundant In other countries the 
larvae may breed among other aquatic 
plants even in Panama they are often 
found among the floating stems of Jusstaea 
nalans (Curry 1931b Rozeboom 1935) 
Adults of tnannulatus have been observed 
attacking man outdoors (Rozeboom 193o) 
but they do not seem to enter human dwell 
mgs readily even in the immediate vicinity 
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and although Beattie (1932) records it 
from Trmidad Komp showed that this 
record is probably erroneous m which 
P W Edwards concurs (Komp 1937b 
1940b) 

As Ehng (1937) has pointed out, its dis 
tribution shows that A albimanus is 
tially a mosquito of hot humid diTP ates 
Although outside of the area covered by 
this Symposium, it is of interest to consider 
briefly the distnbution of A albtmanus m 
northern South Azneriea where for no 
apparent reason, we find the southern limit 
of its range Campos’ record from Gnaya 
quil Ecuador has been confirmed by iTing 
and Stone who examined the male temu 
nalia of Campos specimens (King 1937) 
Komp (1937b) says it oecnrs for some di^ 
tanee up the Magdalena River m Colombia 
but Antunes (1937) did not include it in 
his list of species from the interior of Co 
lomhia (Intendancia of Ateta) In these 
western countries the mountains and eh 
mate may form a natural barrier to a 
southward extension of the A albtmanus 
range In Venezuela Gabaldon (1938 
1939a} has taken A albtmanus m large 
numbers m certain localities on or near the 
coast, but not m others farther mland 
Gabaldon states that the eastern limit of the 
range is Carupano Komp (1937b) could 
not find it near the mouth of the San Juan 
River m the Orinoco dramage 

A albtmanus breeds m a great vanety of 
water collections either fresh or brackish 
and the chief requisite for breeding seems 
to be an abundance of sunlight During the 
rainy season it is found in ram pooh other 
favored breedmg places are seepages irriga 
tion ditches (Earle 1930b) and quiet sun 
lit waters of lakes backwashes of streams 
swamps and ponds Hoffmann (1938c) 
says that the breeding water must be m a 
biological equilibrium exposed to sun and 
rich m microorganisms but without putre 
faction as these conditions are more apt to 
exist in permanent and semi permanent 
water collections temporary ram pools are 
not suitable for breeding at the beginning 
of the rainy season but require time to de 
velop a biological equilibrium In larger 


bodies of water A albtmanus larvae must 
find protection from fish in various types of 
floating aquatic vegetation Of these the 
Characeae Uinculana, and Xauis are espe- 
cially favorable, when the water level is 
such that these plants can form thick mats 
on the surface In these mats A albtmanus 
larvae not only are protected from their 
enemies but ^d enough food to enable 
them to breed in tremendous numbers In 
the Canal Zone, Curry (1934) has described 
the great abundance of the larvae among 
these plants during the dry season when 
the level of Gatun Lake drops several feet 
allowing the plants to reach the surface of 
the water and form extensive mats Hoff 
man (1930 1940) collected larvae m crab 
hol^ m Haiti Nevis and Montserrat , the 
water m these crab holes was as low as two 
feet below the surface of the ground Per 
haps the species becomes adapted to these 
unusual breeding places during periods of 
drought Certain artificial water coUec 
tions may become favorable breedmg 
places thus in the dry coastal areas of the 
northern part of the Peninsula of Yucatan 
A albtmanus is dependent for its existence 
upon the tanks water troughs and similar 
artificial containers that are used for the 
storage of water near the villages (Hoff 
mann 1938a} while Clark (1932) found 
larvae m barrels and troughs in which algae 
were growing on the bottom and sides In 
Cuba water is piped from the hills to all 
parts of the Preston Division of the United 
Fruit Company and excess water from 
the terminal pipes forms ‘ water faucet ’ 
drams which were ideal for A albtmanus 
breeding (Malaret 1929) Kumm Komp 
and Ruiz (1940) call attention to their dis- 
covery of larvae m an iron drum full of 
ram water 

The adult is a strong flier In Panama 
towards the close of the dry season a sud 
den rise occurs in the number of adults 
found in sanitated areas Curry (1934) 
believe that these mosquitoes originate in 
the mats of aquatic plants far away in 
Gatun Lake therefore they must be able to 
fly 12 miles or more Curry does not con 
Elder this to be a smgle sustained flight 
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1933) and from se^eral South. American 
conntnes but it has not been found as fat 
north as Costa Rica (Kumm Romp and 
Ruiz 1940) It breeds in fresh well shaded 
water in pools or snamps Being a 
jangle mosquito it is not cicsely associ 
ated with man and although it will attack 
man when its haunts are invaded it does 
not seem to be attracted to man s habita 
tions (Curry 1932 Rozeboom I93Sa) 

A rangeh is a species recentlj described 
by Gabaldon Cova Garcia and I<opez 
(1940) Perhaps this species should not be 
included with the Caribbean anopbelmes 
but it IS mentioned because we know that 
it is present in Trinidad and because it has 
been confused with A aguasahs Roze 
boom and Gabaldon (1941) ha\e found 
specimens of A rangeh among material col 
leeted b} Root in Venezuela and Trundad 
the species must be quite common in these 
countries It breeds in fresh shaded water 
that contains an abundance of vegetation 
(Gabaldon Cov a Garcia and Arevalo 1940) 

A anomalophgllus is a rare mosquito 
The type specimens were collected as larvae 
from the running water of a small shaded 
stream near Almirante Panama (Komp 
1936b) It was found recentlj m Costa 
Rica ^ Kumm Komp and Ruiz (1940) 

A albitarm is widespread in Soath 
America the northern limit of its range 
seems to be Costa Rica (Kumm Komp and 
Ruiz 1940) It IS evident that the species 
IS composed of several races or subspecies 
(Galvao and Lane 1937b Root 1926 Roze 
boom 1937a) although the taxonomic rela 
tionships between the races are not yet 
entirely clear In Panama the larvae 
breed m a rather restricted area of Gatnn 
Lake m the mats of Chara Natas and 
Ftrtcularto that produce such large nnm 
hers of A oIbtman«s these mats are ex 
posed to full sunlight (Curry 1934) In 
Costa Rica the larvae were taken from a 
sunny pond with algae and vertical and 
horizontal vegetation (Kumm Romp and 
Ruiz 1940) The rice fields of Trinidad 
furnish suitable water for larval develop 
ment (de \erteuil 1933) while Gabaldon 
(1939a) says that the most important breed 


mg places m Venezuela are lakes full of 
Ptslia and Ktccbornia Although it is a 
dangerous mosquito m parts of South 
America m Panama it does not attack man 
and does not enter man s habitations even 
in the immediate vicinity of the breeding 
places (Curry 1934) 

A argyniartis is distributed tbroughont 
the Caribbean region from tropical Mexico 
(Hofhuann 1929b) to South America 
(Clark 1926 Curry 192o Gtaqumto Mira 
1936 Hoffmann 1932 Komp 1937a Rumm 
Komp and Rniz 1940 Rumm and Ruiz 
1939b de Leon 193Gb Martmi 1935 Sutter 
1939) It also inhabits much of South 
America and some of the Caribbean 
islands Tnnidad (Beattie 1932 Howard 
Dyar and Knab 1917b) Grenada (Earle 
1936b Howard Dvar and Knab 1917b 
Root and Andrews 1938) St Lucia (Earle 
1936b Howard Dyar and Knab 1917b 
Seneiel 1936) Guadeloupe (Francois- 
Julien 1930 Senevet 1938) Dominica 
(Hoffman 1930 Howard Djar and Knab 
1917b Senevet 1936) Martinique (Howard 
Dyar and Knab 1917b Montestrue 1936 
Senevet 1936) St Vincent (Howard Dyar 
and Rnab 1917b Senevet 1936) and An 
tigua (Edwards and Box 1940 Howard 
Dyar and Knab 1917b) Theobald s records 
of the species from the Greater Antilles 
probably concern A olbiTnanue (Boyd and 
Ans 1929 Howard Dyar and Knab 1917b) 
A arggntarsis breeds in clear waters of 
small partly shaded or sunlit streams it is 
foond along the grassy edges of running 
streams and it also breeds in quiet pools m 
streams and m pools m drynng stream beds 
as well as in grassy ram pools The females 
do not seem to attack man readily and are 
not often found m man s habitations (Earle 
1936b Hoffmann 1929b Kumm Komp and 
Baiz 1940) 

A darliTiffi was described by Root (1926) 
from specimens collected in Brazil It is 
widespread in South America and for some 
time it was thought that records from Vene- 
zuela and Colombia represented its most 
northern distribution but in 1940 Komp 
proved that it is also present in Gnatemala 
and British Honduras. Shannon (1933) 



of the breeding places , on the other 
large numbers have been observed feeding 
on pigs (Rozeboom 1938a) TTiH (1934) 
concluded that this mosquito definitely pre 
fers animal blood 

A sirodet was described from Brazil but 
in the Caribbean region it has been reported 
from Panama (Curry 1932) Costa Rica 
(Kumm Komp and Ruiz 1940), and re 
cently from Veracruz Mexico by Vargas 
(1940b) This species breeds in a variety 
of water collections During the rainy sea 
son it may be found in ram pools but in 
Panama its chief breeding places are clear 
cool pools m drying creeks Kumm, Komp 
and Ruiz (1940) state that in Costa Rica 
the larvae were taken from slowly running 
streams m the sunshine , however the larvae 
may also be abundant in partially shaded 
waters In Panama the larvae are most 
abundant at the end of the rams m Janu 
ary Little is known concerning the habits 
of the adults Occasionally the females may 
be captured m houses but they seem to be 
attracted to animals more than to man 
(Kumm Komp and Ruiz 1940) however, 
in a locality in Sao Paulo Brazil Correa 
(1938) found that 95 3 per cent of the 
anophelmes he captured m houses were A 
sirodet and two of 163 females dissected 
showed oocjsts 

A aguasalu was considered to be a van 
etj of A iarsimaculatus by Curry (1932) 
who distmguished it from var aquacaeleslts 
(=ostialdoi) on morphological characters 
and by its breeding habits Rozeboom and 
Qabaldon (1941) consider A tarsimacu 
lotus to be a sjuionym of A alittnanus, 
while aquasalis a member of a group of 
mosquitoes lumped under the name tarst- 
maculatus,” was raised to specific rank by 
these authors In Panama the species is 
found only along the Atlantic coast The 
brackish water ‘'Iarsimaculatus listed 
from Costa Rica by Kumm Komp and Ruiz 
(1940) IS also this species Hofimann 
(1929b) discovered a few specimens of 
•Iarsimaculatus ’ {=strodei 1) in Vera 
cruz (Panuco) but considered that thqr 
were accidentally introduced The “tarsi 
maculatus" that Boot and Andrews (1938) 


concluded was the malaria vector m Ore 
nada is really aquasalis and perhaps so is 
the brackish water “tarstmaeulatus" of 
Trmidad Senevet (1936 1938) reports 
“iarsimaculatus^’ from Martinique and 
Guadeloupe, and Edwards and Box (1940) 
include it in their list of mosquitoes from 
Antigua The larvae breed in brackish 
water along the seacoast m swamps ditches 
and similar situations Occasionally they 
will breed m fresh water, m Costa Rica, 
Kumm, Komp and Ruiz (1940) found them 
once in a fresh water stream about fifty 
yards from the sea while in Trinidad in 
times of great abundance, they develop tem 
porarily several miles inland in rice fields 
drams and other collections of fresh water 
(de Verteml 1933 de Verteuil and Spence 
1937) Beattie (1932) states that A aqua 
salts has no apparent preference for light or 
shade, Curry (1932) believes it prefers 
fairly well shaded places Kumm Komp 
and Ruiz (1940) made three collections in 
Costa Rica, all of them m water exposed 
to sunlight Earle (1936b) noted that m 
Grenada it would breed in densely shaded 
mangrove swamps The adults are strong 
fliers Curry (1932) speaks of the huge 
swarms that used to fly into Colon and 
Cristobal m Panama from swamps located 
several m Jes from these cities and in Trim 
dad adults migrate inland from the coastal 
swamps at least three miles away (de 
Verteuil and Spence 1937) It is puzzling 
that this mosquito, considered to be a vector 
of malaria m some of the Lesser Antilles 
IS not attracted to man in Panama where 
in former jears the appearance of great 
numbers of A aquasalis m the cities was 
not followed by a rise m the malaria rate 
(Currj 1932) This is a marked contrast 
to the observations of Earle (1936b) who 
had no difficulty m finding A aquasalis 
adults in houses in Grenada and St Lucia. 
The biting and trapping experiments of 
Earle and Howard (1936) showed that in 
these islands A aquasalis was attracted to 
man much more readily than to a calf or a 
donkey 

A osuttldoi has been reported from Pan 
ama (Curry 1932) Trinidad (de Verteuil 
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that this record is doubtful A punch 
penms has never been taken m Jamaica 
since Qrabham s time Hoffmann (1932) 
speaks of its presence in the littoral zone 
of the Gulf of Mexico and in the northern 
zone of Mexico Martini (1935) gives 
records from Sonora Tamaulipas (Tam 
pieo) and Veracruz (Pueblo Viejo) Hoff 
maun (1937) collected larvae from a ^aded 
pool near Ixmiquilpan, in the state of 
Guanajuato Mexico 

A psevdopuneUpennis is the most wide 
spread of the New 'World Anophelini rang 
mg from. Oklahoma and California to Ar 
gentina Shannon Davis and del Ponte 
(1927) show that its distribution coincides 
to a great extent with that of the western 
mountams and that apparently it is essen 
tially a mountain species occurring in the 
lowlands only where special conditions per 
mit its existence According to Hoffmann 
(1932) it inhabits almost all of Mexico be* 
tween the eastern and western mountain 
ranges only areas that are six or seven 
thousand feet above sea level are free from 
It It extends along the entire Mexican 
Paoifip littoral from Cabfomia to Qnate 
mala but does not seem to be so abundant 
along the Caribbean coast although it is 
present in the littoral zone north of Vera 
cruz South of Veracruz it appears only 
in the winter It is found m the villages of 
Yucatan It has been collected in all of the 
Central American countries (Aguilar 1931 
Barber and Komp 1927 Clark 1926 Gis 
qumto Mira 1936 Howard Dyar and Knab 
1917b Aomp 1929b Kumm Komp and 
Ruiz 1940 Kumm and Ruiz 1939b Larde 
Arthes 1921 Martini 1935 Molloy 1932 
Sutter 1939) and also in Trinidad (Knnun 
1929b) and Grenada (Earle 1936b Boot 
and Andrews 1938) 

The larvae of A pseudopuncUpentnc 
require a great deal of sunlight for their 
development and the preferred breedmg 
places are pools and eddies in shallow or 
drying streams especially those contauimg 
mats of green algae In streams the larvae 
can be found not only m such mats of algae 
but also in shallow quiet or running water 
where they elmg to leaves or other bits of 


floatage dammed behind rocks or sand bars. 
Other breeding places are seepages espe- 
cially those m dry beds of subterranean 
streams (Hoffmann 1932) ground pools 
and even artificial water containers such as 
fountains and tanks (Hoffmann 1932) 
Because the preferred breedmg places are 
shallow, drying streams this species is espe 
eially abundant in mountainous areas and 
at the time of the year when the streams 
are not flushed out by heavy rains Thus 
in Panama and in parts of Central America 
A pseudopuneUpennts is most prevalent 
during the dry season (Clark 1932 Molloy 
1932 Simmons 1939) However in some 
regions the dry season causes a diminution 
m the number of favorable breeding places 
so that the numbers of the mosquito de 
crease In northwestern Argentina the low 
land breedmg places disappear during the 
prolonged dry season and A pseudopuncti- 
pennts must maintain itself durmg this 
unfavorable period m springs and other 
fresh water coRectiens m the mountains 
(Shannon 1930) Rainfall is the most im 
portant climatic factor m determinmg 
abundance in the Rimac Valley of Peru and 
here too the mosquito survives the dry sea 
son by breeding m the restricted fresh 
water collections m the mountains reestab 
lisbing itself m the more numerous lowland 
breeding places after the onset of the rams 
in the higher altitudes results m the forma 
tion of pools along the margins of rivers 
and streams Here the peak of abundance 
occurs between January and June the 
raiuy season of the highlands (Shannon 
1930) Hoffmann (1938b) calls the typical 
streampooU winter breedmg places of con 
eentration this author says that when the 
rams come the larvae are washed from these 
pools and are distributed over wide areas. 
In the \ alley of Mexico the species is less 
abundant during the dry winter months 
durmg December January and February 
when tbe temperature drops below the 
freezing point at night only large larvae 
are found m the breedmg places while 
small larvae appear about tbe middle of 
March Durmg the cold weather the males 
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considers that m the Amazon Valley the 
larvae are especially adapted to flood water 
In Brazil Barretto (1938) could find few 
A darhngt larvae in ditches small pools 
and small swamps, but obtained many lar 
\ae from the edges of an impoundment, 
where the water was deep, without current 
and well shaded by trees with branches 
reaching down into the water these 
branches prevented wave action in the 
water underneath them, and m this pooled 
water where there was some floatage but 
little vegetation the larvae were concen 
trated In British Honduras Kumm 
(1940h) collected larvae along the edges of 
streams m deeply shaded water The 
adults feed rea^y on man, and can be 
taken in large numbers in man’s habitations 
(Davis 1931 Gabaldon 1938 GighoU1940, 
Shannon 1933) 

A eisem has a range which includes much 
of South America and extends northward 
through Central America as far as tropical 
Mexico (Aguilar 1931 Curry 1931b, Dyar 
1928 Giaqumto Mira 1936 Howard Dyar 
and Enab 1917b Kumm Komp and Ruiz 
1940 Kumm and Ruiz 1939b de Iieon 
1936b Martini 1935) but it seems to have 
been found on none of the islands except 
Trinidad (Beattie 1932) It is another 
‘ jungle mosquito breeding in densely 
shaded clear, fresh waters of email streams, 
pools and swamps Simmons (1939) col 
lected many larvae from coconut husks 
while Kumm Komp and Ruiz (1940) found 
them even m tree holes and bromeliads 
Locally the species may be very abundant 
for example, Simmons (1939) says that it 
was one of the most common species on the 
Port Sherman Reservation m the Canal 
Zone during the fall and winter of 1935 and 
1936 Verj little is known concerning the 
biology of the adults but the females do not 
seem to be attracted to man and seldom 
enter houses (Gabaldon 1939a Simmons 
1939) 

A grabhami has been reported from 
Cuba (Carr Melendez and Ros 1940) Ja 
maica (Bojd and Ans 1929 Howard ei al 
1917b Theobald and Grabham 19(») Haiti 
(Clark 1926 Mink 1933) Santo Domingo 


(Howard, Dyar and Kiiab 1917b) Puerto 
^co (Earle 1936a, Howard Dyar and 
Koab 1917b , Tulloch 1937 , Wells 1930) , and 
St Thomas (Hoffman 1930) Theobald and 
Grabham (1905) noted that in Jamaica the 
larvae would develop m any stagnant water 
and Boyd and Aris (1929) also found them 
in all types of breeding water on the island, 
mcludmg upland streams with swift cur 
rents and brackish water along the coast, 
where they were associated with the larvae 
of A albimanui Earle (1936a) showed 
that in Puerto Rico the larvae are much less 
tolerant of salt than are the larvae of A 
albimanu$, and that they will occur m 
densely shaded waters, mcludmg pastures 
where the growth of grass is so dense that 
one’s weight is almost supported on it as it 
overgrows water courses The adults will 
attack man some authors (Root 1922 The 
obald and Grabham 1905) consider the spe 
eies to be an ardent blood sucker that feeds 
on man readily m the evesmg but others 
(Boyd and Aris 1929, Earle 1936a) con 
elude that it prefers the blood of anunals 
It is not often found in houses (Earle and 
Howard 1936), and is not especially abun 
dant 

A cruetans has been found m Cuba 
(Carr Melendez, and Ros 1940 Kumm 
1929b) Jamaica (Boyd and Ams 1929 
Kumm 1929b) along the Caribbean littoral 
of Mexico (Hoffmann 1932) and British 
and Spanish Honduras (Clark 1926 Kumm 
1929b 1940b Martmil935, Whitmore Rob 
erta and Jantzen 1929) Martini (1935) 
gives a record from Iguala State of Guer 
rero Mexico and another from Lago Peten 
Guatemala Tulloch (1937) includes A 
cruetans m his list of brackish water mos 
quitoes from Puerto Rico In Jamaica 
Boyd and Aris (1929) collected larvae from 
streams seepages and ponds m sunbt or 
sl^htij shaded water no larvae were found 
m brackish water According to Vargas 
(1940a) both A crucians var crucians and 
var bradlegi are present in Mexico m the 
states of Tamauhpas and Veracruz 

A punettpennts was reported from Ja 
maica by Theobald and Grabham (1905) 
however Boyd and Aris (1929) point out 
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that this record is doubtful, A puneft- 
penms has never been taken in Jamaica 
since Orabbam s time HoSmann (1932) 
speaks of its presence m the littoral *one 
of the Gulf of Mexico and in the northern 
tone’ of Meaico Martini (1935) gives 
records from Sonora Tamaulipas (Tam 
pieo) and Veracruz (Pueblo Viejo) Hoff 
mann (1937) collected larvae from a shaded 
pool near Ixmiquilpan, m the state of 
Guanajuato Mexico 

A pseudopufieiipennis la the most wide- 
spread of the New "World Anophebni rang 
mg from Oklahoma and California to Ar 
gentina Shannon Davis and del Ponte 
(1927) show that its distribution coincides 
to a great extent with that of the western 
mountams and that apparently it is esscn 
tially a mountain species occurnng in the 
lowlands only where special conditions per 
mit Its existence According to Hoffmann 
(1932) it inhabits almost all of Mexico be- 
tween the eastern and western mountain 
ranges only areas that are six or seven 
thousand feet above sea level are free from 
it It extends along the entire hlexican 
Pacifip littoral from California to Guate 
mala but does not seem to be so abundant 
along the Caribbean coast although it is 
present m the littoral zone north of Vera 
cruz South of Veracruz it appears only 
in the winter It is found in the villages of 
Yucatan. It has been collected in all of the 
Central American countries (Aguilar 1931 
Barber and Komp 1927 Clark 1926 Oia 
qumto Mira 1936 Howard Dyar and Einab 
1917b L.omp 1929b Kumm Komp and 
Ruiz 1940 Kumm and Ruiz 1939b Larde 
Arthes 1921 Martini 1935 MoUoy 1932 
Sutter 1939) and also m Trmidad (Kumm 
1929b) and Grenada (Earle 1936b Boot 
and Andrews 1938) 

The larvae of A psetidopuncUpennK 
require a great deal of sunlight for their 
development and the preferred breeding 
places are pools and eddies m shallow or 
drying streams especially those contanung 
sreen algae In streams the larvae 
can be f onnd not only in such mats of algae 

ut also in shallow quiet or running water 
where they cling to leaves or other bits of 


floatage dammed behind rocks or sand bars 
Other breeding places are seepages espe- 
cially those in dry beds of subterranean 
streams (Hoffmann 1932) ground pools 
and even artificial water containers such as 
fountains and tanks (Hoffmann 1932) 
Because the preferred breeding places are 
sballow, drying streams this species is espe 
cially abundant in mountainous areas and 
at the time of the year when the streams 
are not flushed out by heavy rams Thus 
in Panama and m parts of Central America 
A pseudopuncitpenms is most prevalent 
dnnng the dry season (Clark 1932 Molloy 
1932 Simmons 1939) However m some 
regions the dry season causes a diminution 
in the number of favorable breeding places 
so that the numbers of the mosquito de 
crease In northwestern Argentina the low 
land breeding places disappear during the 
prolonged dry season and A pseudopuncti 
pennts must maintain itself during this 
unfavorable period m springs and other 
fresh water collections in the mountains 
(Shannon 1930) Rainfall is the most im 
portant climatic factor m determining 
abundance in the Bimac Valley of Peru and 
here too the mosquito survives the dry sea 
SOD by breeding in the restricted fresh 
water collections in the mountains reestab 
lishing Itself m the more numerous lowland 
breeding places after the onset of the rams 
in the higher altitudes results in the forma 
tion of pooh along the margins of rivers 
and streams Here the peak of abundance 
occurs between Januarj and June the 
rainy season of the highlands (Shannon 
1930) Hoffmann (1938b) calls the typical 
streampools wmter breeding places of con 
centration this author says that when the 
rams come the larvae are washed from these 
pools and are distributed over wide areas 
In the Valley of Mexico the species is less 
abundant durmg the drj winter months 
during December January and February, 
when the temperature drops below the 
freezing pomt at night only large larvae 
are found m the breeding places while 
small larvae appear about the middle of 

March During the cold weather the males 
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disappear, and only the females are found (Martini 1935) took it near San Cristobal, 
in the resting places (Hoffmann 1923a) Chiapas 2 000 meters above sea level Ap 
The habits of the adults seem to differ m parently only the adult had been captured 
various parts of the A pseudopuncttpennts in Mexico until April 1940 when Jlazzotti 
range In the highlands of Mexico the fe discovered larvae in Ciudad de las Casas 
males will fly for considerable distances to Chiapas (Vargas 1940a, 1940b) According 
enter houses and feed on man (Hoffmann to de Leon (1936a 1936b) it is the cbarac 
1929b Vargas 1938) The species is con tenstic anophelme species m the higher 
sidered to be a dangerous malaria earner m mountain regions of Guatemala and breeds 
the highlands of Guatemala (Giaquinto in small shallow slowly flowing streams 
Mira 1936 Molloy 1932) but m Costa Rica filled with algae The adults are said to 
where Kumm Komp and Rmz (1940) col attack man (Molloy 1932) 
lected many larvae, only a few adults were A tesMipennu is comparatively rare 
captured in houses by these workers The but it ranges from the tropical regions of 
females do not fly far, and are not attracted Mexico to South Amenca (Aguilar 1931 
to houses in the Canal Zone (Curry 1925) Barber and Komp 1927 Clark 1926 Currv 
thej arc not attracted to man in Grenato 1931a, Dyar 1928 Giaqumto Mira 1936 
(Earle 1936b) although in this island dur Hoffmann 1929b 1932 Kumm 1940b 
mg July and August at least A pseudo Kumm Komp and Rmz 1940 de Leon 
punotipennis is the most common Anopb 1936b Martini 1935) and is also present 
eline (Root and Andrews 1938) luArgen m Cuba (Carr Melendez and Ros 1940), 
tma It 18 a dangerous blood sucker (Davis Puerto Rico (Wells 1930) Jamaica (Boyd 
1927) The suspicion that the species is andAr)sl929) sndDominica (DvBri928) 
divided into geographical races or sub Tbe larvae develop m shaded freshwater 
species has not been confirmed on inor streams seepages ponds and ram pools 
phological grounds although there are two (Boyd and Ans 1929 Kumm Komp and 
kinds of A pseudopuncitpennis eggs id Ruiz 3940) The adult females will attack 
California (Herms and Freeborn 1920 man and Hoffmann (1929b} has found 
Herms and Frost 1932), both of which arc adults in bouses 

unlike the eggs from Panama (Rozeboom 4 puneitmacula has a wide distribution 
1937b) Costa Rica (Kumm 1940a) and in the New World tropics, including all of 
Mexico (Vargas 1939b) The writer has the Central American countries (Aguilar 
examined 4 pscudopwnctipennts eggs from 1931 Barber and Komp 1927, Clark 1926, 
western Oklahoma which were identical in Curry 1931a 1931b Howard, Dyar and 
morphology with those be described from Eoab 1917b Kumm 1940b Kumm Komp 
Panama Vargas (1939b) considers the and Ruiz 1940, Kumm and Ruiz 1939b 
form in California the egg of which was Simmons 1939, Sutter 1939) and tropical 
described by Herms and Frost (1832) to Mexico (Hoffmann 1932 Martini 1935) It 


be different enough to merit specific rank 
he calls this mosquito A loydv 

A parapunctipenms ranges through the 
highland^ from Mexico to Panama (Kumm 
and Ruiz 1939b Vargas 1940a) Komp 
(1936a) collected larvae m a la^e cold 
spring on the slopes of Chiriqui Volcano m 
western Panama This rare species was 
first found by Dampf (Martini 1935) m the 
state of Chiapas 

A hectorxs was described from Guate- 
mala by Giaqumto Mira (1931) it is also 
found in the mountains of Mexico Dampf 


breeds in clear cool densely shaded waters 
m 'imaU streams ponds and swamps where 
it may be associated with larvae of A etseni 
A oswaldoi and 4 apicimacula The 
adults will feed on man as well as on am 
mals and will visit human habitations m 
search of blood (Kumm Komp and Rniz 
1940 Rozeboom 1938a Simmons 1936a 
1939) 

A ap»c»Tmiculo has been reported from 
Mexico (Hoffmann 1932 Howard Dyar 
and Knab 1917b Martmi 1935) all of the 
Central American countries (Aguilar 1931 
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Clark 1926 Curry 1931a 1931b Giaquinto 
KIiral936 Howard Dyar and Knab 1917b 
Knmm, 1940b Kumm Komp and Run 
1940 Kumm and Ruiz 1939b de Leon 
1936a 1936b Martini 1935 Sutter 1939) 
Tnnidad (Beattie 1932) and several SouVb 
American countnea. Its breeding places 
are similar to those of A. punelimuevla A, 
etreni and A os%atdot Only a few adults 
have been taken inside houses and the fe- 
males seem to feed on animals much more 
readily than they do on man (Knmm, Komp 
and Rniz 1940 Simmona 1939) 

Martini (1935) identified specimens col 
Iccted by Dampf in Yucatan British Hon 
dnras (Blue Creek, Rio Cacao) and Gnate 
mala (SanMtguel LagoPeten) asA inter 
mediiu this species has not been found 
since m Mexico (Vargas 1940a) 

A. quadrtmaeulutuj inhabita the Golf 
coast of Mexico as far sooth as Tuxpan 
Veracrux but records from the interior of 
Mexico actually refer to a race of A macuU 
pennw (Dampf 1935 Hoffmann 1935) 

A. maeuUpennts var aittcus was de 
senbcd by Hoffmann (1935) from the states 
of Guanajuato and Michoacan hfexieo 
The larvae breed in canals imgatiou chan 
nels and clear water pools m which algae 
and protozoa are present This form is not 
so dependent on clean water as is A pseudo 
puncUpennu so that it is replacing the 
latter species m the outskirts of Mexico 
City where urbanization results in a poUu 
tion of the water available to the mosqui 
toes. The larvae are encountered in the 


breeding places throughout the year even 
when a layer of ice forms oier the surface 
of the water (Hoffmann 1935) The fe 
males do not seem to be attracted to man 
and Vargas (1939a) has described a condi 
twtt of anophelism without malaria in a 
loealityin the State of Mexico in which this 
form was the only anophelme present 
Vargas (1940b) reports the finding of 
A maeuUpenniS var freelorn* at Imuns 
Sonora. 

A atropos is included in this list because 
Carr Melendez and Ros (1940) discovered 
it recently in Cuba It was found once m 
Havana Province in an animal b iited trap 
Martini (1935) reported it from the in 
tenor of Mexico but Hoffmann (1936) 
points out that Martini s specimens were 
really A a teevs 

A male of A walken has been taken in 
Toipan Veracmx Mexico (Vargas 1940a) 
A hcr^eri was discovered by Sr A 
Martinez Palacios at Imnns Sonora Mexico 
(Vargas 1940c) 

A netia% breeds only m water caught in 
the leaf bases of certain water bolding 
plants, such as the epiphytic and terrestrial 
bromeliads. The species ranges from tropi 
ca) Mexico to Panama and southwards into 
Kcuador records of cruzii from Panama 
northwards actually refer to A netiat 
(Romp 1937a) It may be quite abundant 
and may bite man freely in the neighbor 
hood of its breeding places (Komp 1937a) 
A xelajuensv was described from Guate- 
mala by deLeon (1938) 
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To BE an effective transmitting host of 
malaria an anophelme must fnlfill certain 
exacting requirements Its choice of breed 
mg place and its flight range must make 
it a frequenter of human habitations It 
must breed m sufficiently large numbers 
to offset the natural hazards connected with 
the transmission of the malarial parasites 
It must have the proper tropisms for bring 
mg It to feed upon man It must he sus 
ceptible to the parasites ingested along 
with Its blood meal Its length of life 
must be sufficient to permit the complete 
development of the sporozoites and it mast 
live m an environment suitable to this de> 
velopment of the parasites It will be con 
vement to classify all of the factors which 
contribute to determmmg whether the 
anophelme will be an effective vector into 
two categories (1) those responsible for 
bringing the mosquito to the act of mgestmg 
the blood of malarial patients and (2) those 
responsible for the successful completion 
of the extrmsie malarial life cycle wtbm 
the mosquito Into the first category fall 
the many behavioristic characters of the 
mosquito conducive to the contacts between 
it and man necessary to successful trans 
mission Into the second category fall the 
physiological and environmental mfluences 
acting directly or indirectly upon the para 
sites while they are within the mosquito 
The following discussion will be concerned 
primarily with the second category of fac 
tors with only a brief consideration of the 
factors in the first calegorj Many of the 
factors responsible for bringmg the mos 
quito to and causing it to bite man will 
be adequately discussed by others m con 
neetion with other problems m malanolog> 
considered in this sjunposium 

Without citing specific literature dealing 
with this first category of factors many 


statements about them can be made almost 
aiiomatically It is well established that 
great differences do exist between species 
(and to a lesser extent between varieties 
or races of species) in respect to their 
choice of breeding places the density of 
their breeding the food preferences of the 
females and the ability to withstand un 
favorable environmental conditions Ex 
amples might be multipbed lUustratmg the 
importance of any of ^ese factors or com 
binations of them m makmg of a particular 
anophelme a dangerous vector, a less no 
portent one or an innocuous species The 
chief concern, however in this discussion 
will be with those factors which influence 
the infection of the anophelme, assuming 
that the latter has had a blood meal con 
taming viable gametocytes 

From the tune that viable gametoeyte« 
are ingested by an anophelme mosquito 
until the moment of dehverj of viahl*» 
spororoites to a new host a complicated 
sequence of events occurs These e\ents 
include very remarkable changes m the 
organism itself as well as migrations within 
the mosquito It will be helpful to think 
of the factors which influence the develop 
ment of the parasite — both intrinsic and 
extrinsic — as acting continuously upon the 
parasite throughout this period of develop 
ment 

It IS desirable at this point to enumerate 
the more important events in the life cycle 
of the parasite within the mosquito in rela 
Uon to the possible effects of these intrinsic 
and extrinsic factors Gametogenesis is the 
first important happenmg after the inges 
bon of the parasites in the infected blood 
Then comes fertilization of the macro- 
gametes "We shall soon renew some of 
the factors which may influence these two 
processes After fertilization of the macro- 
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gametes the zygotes must next penetrate 
the stomach wall This is a critical period 
in the life of the zjgote or ookinete as it 
IS now called While as yet we do not 
know the relative importance of the fac 
tors operating against the penetration of 
the stomach wall by the ookinete we can 
be fairly sure that th» most important 
factors are intrinsic that is are connected 
with the chemical composition of the 
stomach wall or with the physiol(^cal 
processes therein. After penetration ot the 
stomach wall the ookinete now proceeds to 
develop into an oocyst on the outside of the 
mosquito 8 stomach Both extrinsic and 
intrmsic factors may coneeiiably operate 
m favor of or agau^t development in this 
location Upon maturation of the oocyst 
and liberation of the sporozoites through 
bnrsting of the former the parasite now 
runs the additional hazards of migration 
thiough the hemocoeU to the salivary 
glands and of penetration of the glands 
Once the glands ere infected with viable 
sporozoites certain factors for the most 
part yet unknown may operate for or 
agamst the presenation of the sporozoite 
in a viable condition It will thus be seen 
that the hazards encountered by the para 
site during its lifetime in the mosquito are 
in complexity and importance comparable 
to if not greater than those encountered m 
man. While the mosquito may be thought 
of as a somewhat simpler organism it must 
be remembered that such environmental 
factors as temperature may have greater 
effect upon the parasite in it than m man 
It should be noted that greater changes 
take place m the structure and biology of 
the parasite while m the mosquito than 
while It u m man 

As soon as the mosquito theory of ma 
lanal transmission had been established by 
Manson Ross and Grassi there arose the 
task of determining what mosquitoes are 
responsible for transmission As already 
indicated many factors play parts m con 
tnbuting to the success of a given mosquito 
in transmitting the malarial parasites Let 
us assume for the moment that all other 
factors are conducive to transmission pro 


viding the mosquito is susceptible to infec 
tion Susceptibility — or the lack of it — 
might then play the all important part in 
determining whether a given mosquito may 
act as a vector A great deal of effort has 
been spent in testing, various species and 
varieties of Anopheles to discover whether 
they are susceptible to one or another of 
the malarial parasites and it is clear that 
a great deal still needs to be done m this 
direction Species sanitation as a tech 
nique for control has arisen from the reeog 
mtion that species differ on their abilities 
to transmit malaria and at least some of 
these differences are known to be attribu 
table to differences in the susceptibility of 
the mosquitoes to the parasites Very little 
attention has been directed to the under 
lying causes of susceptibility or non sus 
ceptibility especially m Anopheles 
While It was earlv known that species 
differed greatly in their snsceplihilities 
Darlin^, (1910) clearly showed that indi 
vidnals within a susceptible species vary 
greatly m their capacities for becoming 
infected When uninfected individuals 
had previously been discovered within lota 
of mosquitoes fed on malarial patients it 
was often assumed that the failure to be 
come infected is to be explamed on the basis 
of an insufficiency of parasites in the in 
fectmg meal When the heavy infections 
obtainable m avian malaria were used 
(Huff 1927) however the fact was mes 
capable that some individuals are refrac 
tory to infection Double feedings of the 
same mosquitoes on the same strain of 
malaria resulted with few exceptions 
either m failure to become infected at all 
Qc in. infection, with two broods of parasites 
(Huff 1930) Many of the malanologists 
who have tested species of Anopheles for 
Busceptibilitj to human malaria have failed 
to indicate the degree of infection m the 
patient Therefore one cannot be sure 
that their lack of infections in mosquitoes 
was not the result of an insufficient dosage 
of gametocytes in the blood meals How 
ever King s (1929) results and a large 
mass of data published b> M P Boyd and 
his coworkers from the Tallahassee station 
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have included the numbers of gametocytes 
m the patient s blood at the time of its m 
gestiou by the mosquito There are evi 
dent examples in these data as well as in 
the work of malariologists in other parts 
of the world of individual mosquitoes 
which remained refractory to huge doses of 
infectious gametocytes 

The fact that most species of Anopkele& 
cannot be bred m small space has pre 
vented their use in breeding experiments 
The culicme mosquitoes have been more 
suitable for this kind of study It has 
been possible m mass selection expenments 
with Culex pipiens and Plasmodium catke 
menum to lower or raise the percentage 
of susceptible mosquitoes in a stock by 
selecting from uninfected or infected m 
dividuals respectivelj (Huff 1929) The 
charac ters responsible for susceptibility 
have been shown to be recessive and to be 
inherited in the 1 3 ratio (Huff 1931) 
Fertilization of the macrogamete and the 
formation of ookinetes apparently take 
place m a species of mosquito regardless 
of whether ^e latter is susceptible to m 
fection by the parasite This has been 
shown in my experiments with avian ma 
lana (1927) and bj Nicolaew and Yakow 
lewa (1929) for P vtvax and three species 
of culieine mosquitoes Ookinete forma 
tion may even occur in vitro The success 
or failure on the part of the ookmete m 
penetrating the stomach wall is to a greater 
extent than any other incident responsible 
for infection or escape from infection by 
the mosquito We know (m Culex pipiens) 
that by no means all of the ookinetes sue 
ceed m getting through the stomach wall 
of a susceptible mosquito (Huff 1934) 
That some mechanism is responsible for 
permitting only a certain number to get 
through is shown by the high correlation 
between the numbers of parasites from 
two infectious feedings which m the first 
brood get through the wall and which in 
the second brood appear to be normal and 
capable of contmuing their migration 
through the wall However histoli^ieal 
studies of the gut waU and of the ceUular 
elements m the blood meals of susceptible 


and insusceptible individuals have failed 
to show any difference in appearance be- 
tween the two individuals (Huff 1934) 
Once the ookinete has penetrated the gut 
wall and become an oocyst it apparently 
runs relatively bttle chance of failure to 
develop if environmental conditions are 
favorable A good many malariologists 
fee! however that stomach infections do 
not constitute as good an index of infec 
tiou^ess as salivary gland infections We 
have of course evidence m favor of this 
belief Clbitimzation of the oocysts may 
result in black spores and such oocysts do 
not usually produce normal sporozoites 
Barber (1936b) studied the question of de- 
generation of sporozoites and was incUned 
to the belief that some of the degeneration 
within the glands began so early that it 
must have been initiated m the oocyst If 
an mimical humoral principle exists m the 
blood of the mosquito the sporozoites would 
be exposed directly to it durmg their pas- 
sage from oocyst to sabvary gland Bar 
ber found degeneraUon to be more fre- 
quent in some than m other species of 
Anopheles which might possibly be inter 
pret^ as evidence of some mimical pnn 
ciple m certain mosquitoes Boyd (194Dc) 
found very good agreement between the 
incidence of stomach and gland infection 
m A guadrimaculatus infected with P 
tivoi 

Recent quantitative studies ou the 
oocysts of avain malaria m Culez ptptens 
show differences in average size m different 
individuals (Huff 1940) Smee these dif 
fereaces exist between individuals having 
exactly the same degree of infection and 
since the same mean oocyst sue may he 
found in individuals with widely different 
degrees of infection it would seem to fol 
low that there must be at least two factors 
pr^nt in the mosquito affectmg the 
growth of the oocj^t One of these regu 
latea the degree of infection and the other 
influences the rate or extent of growth of 
the oocysts 

Of the environmental factors mflaencin 
infection in Anopheles temperature has 
been given the closest study Grassi 
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(1901) demonstrated that the early devel 
opment of P max and P falciparum 
could not take place in mosquitoes at tern 
peratures between 15 5“ to 17 5 C but 
that development could proceed at lower 
temperatures (9 C) after the midgut 
infection had been established Janscfi 
(19M) found that the anopbelines become 
infected with these same parasites when 
kept for as much as 24 hours at tempera 
tures between 11® and 13 C and then 
brought back into temperatures of 20 to 
30 C Stratman Thomas a recent (1940) 
excellent studies which have been done 
over the whole temperature range and at 
all stages in the extrinsic development of 
the parasite show that two and one-half 
days are necessary to prevent development 
atl to 10 C Orassi and Janscd did not 
agree in the interpretations of their results 
the former believmg that low temperatures 
inhibited ezflagellation and fertilization 
while the latter believed that they inhibited 
the development of ookintes Indeed it is 
not clear jet at what point m the early 
development of the parasite low tempera 
tures have their effective inhibiting inffu 
ence 

Oocysts have been shown to develop at 
30 G hy Jansco and at 32 C by Strat 
man Thomas but the latter found that 
temperatures of 37 5 C for 2 to 3 hours 
were sufBeient to prevent oocyst formation 
In this case also it is not known whether 
high temperatures inhibit exflagellation or 
fertilization although Stratman Thomas s 
results would indicate that the effect is pro 
duced at one of those points rather than 
against penetration of the gut wall by the 
ookinete It is clearly indicated by the 
observations of Mitzmain (1917b) King 
(1917) "Wenyon (1921) and Stratman 
Thomas (1940) that low temperatures are 
not as mimical to the oocysts as to the 
earlier stages King found that P tut oat 
could survive exposure of the mosquito to 
- 1 2 C for 2 days and to - 0 6 C for 4 
days and that P falaparum could survive 
at 1 7 C for 24 hours Stratman Thomas 
(1940) showed that high temperatures of 
37 5 C for 18-24 hours aborted oocyst 


development and decreased the number of 
ooi^ts showing sporozoite formation He 
aUo showed that intermittent exposures of 
the mosquitoes to high temperatures pro- 
longed the development of oocysts and 
decreased the number of infected salivary 
glands The earlier malanologists were 
agreed upon the deleterious effects of win 
ter temperatures upon the mature sporo 
zoites (See Martirano 1902 Schoo 1903 
Cardamatis 1919 and Orassi and Sella 
1920) This 15 confirmed bj the experi 
ments of Boyd and Stratman Thomas 
(1934a) and of Stratman Thomas (1940) 
who were unable to obtam infections from 
anophelmes infected with P vttax after 50 
dajs exposure to temperatures of 1-7 C 
The latter has shown also that exposure 
to 37 5 C for 24 hours has a marked in 
bibitory effect on the infectivity of sporo 
zoites for man 

After the salivary glands have been m 
fected with sporozoites the length of life 
of the mosquito and the length of time the 
sporozoites will remain infective are im 
portant factors in limiting the transmission 
of malaria While the longevity of the 
anopbeime imago varies greatly with the 
environmental factors with its food and 
probably with a number of phjsiological 
factors It may be as long as 231 days 
(Mayne 1922) when these factors are fav 
orable It is therefore fairly safe to say 
that the mherent capacities for long life 
are probably sufficient to keep most mos 
quitoes alive a long time providing all 
other conditions are favorable 

It IS generally agreed that sporozoites 
tend to lose their infectiousness with age 
(Mayne 1922 James and Shute 1926 
Boyd and Stratman Thomas 1934a and 
Boyd Stratman Thomas and Kitchen 
1936b Since the anopbelines are usually 
kept at low temperatures after infections 
are established in them in order to prolong 
their lives it is not possible to determine 
from available reports whether loss of 
viabibty by the sporozoites is due to the 
effect of the low temperature or whether 
other factors take part in the process In 
Boyd s laboratory the Anopheles are rou 
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tmelj kept at 4“ C, at -which tempera 
ture vwax sporozoites remain viable only 
40 to 50 da 3 ^ while /aZcipar«m sporozoites 
do not live longer than 30 days James 
and Shute (1926) record one example of 
A macuhpennis which retamed viable 
sporozoites for 92 da 3 rs Barber (1936b) 
could find no smgle factor which seemed 
to be responsible for sporozoite degenera 
tion He saw none m West Africa (1200 
specimens) but found it very commonly 
m Greek Macedonia It was not associated 
•with any degree of humidity nor with the 
food of the mosquitoes Be did not be 
beve that age or low temperatures were 
necessary factors m the cause of degen 
eration of sporozoites m any of the species 
he studied It is obvious that the problem 
of analyzing the causes of loss of viability 
of sporozoites is extremely complex 
It has been acknowledged for a long time 
that the relative humidity of the air sur 
roundmg the mosquito has little or no 
direct effect on the development of the 
parasites Mayne (1930a) found no direct 
effect of humidity upon the numbers of 
mosquitoes of the species Culex fattgans 
and Anopheles stephenst infected with bird 
malaria and P vtvax respectively In my 
studies with Culex piptens and avian 
malaria (1941) there was also no measur 
able effect of different degrees of humidity 
upon the numbers or size of oocysts which 
grew m susceptible individuals 
No extensive mvestigations have been 
made of the effect of various food sub 
stances upon infection m the mosquito It 
has been conjectured that alfalfa had an 
antagonistic effect hut Stratman Thomas 
(1931) has brought epidemiological evi 
deuce against this hypothesis and Maync 
(1930a) has shown that coumarm from 
alfalfa m a wide range of dilutions did 


not prevent mfeetion m C fattgans Bus 
sell and Mohan (1939a 1939b) have shown 
that larvae of A stephenst grown m con 
trastmg environments grew into adults 
which showed bttle or no difference m sus 
eeptibihty to P falciparum Some of the 
larvae were grown m tap water and others 
in water to which cow dung had been 
added 

Since temperature has such a marked 
mfluence on the rate of growth of malarial 
oocysts the question arises as to whether 
the mean temperatures of different indi 
vidnal mosquitoes may differ enough to 
account for the large differences in mean 
size of the oocysts m different mosquitoes 
Although these temperatures have not been 
measured directly it has been shown (Huff 
1941) that the rates of growth are not 
affected by activity of the infected mos 
quiloes Dealated mosquitoes and mos- 
quitoes kept m light were infected and 
compared with their respective controls 
winged mosquitoes and those kept m the 
dark In neither case were there signifi 
cant differences in mean sizes of oocysts 
m tbe different lots of mosquitoes 

By way of summary it can probably be 
safely conjectured that of the factors mfiu 
encmg infection of Anopheles with ma 
lanal parasites none seems to be more im 
portant than those present in the inherent 
make up of the individual mosquito and 
it can be stated that of the environmental 
factors so far studied none seems to play 
any appreciable role except temperature 
which indeed plays a very important 
part m determining whether or not a mos- 
quito may be a good vector of malaria 
Hardly any other phase of malanology 
has been so badly neglected as the study 
of all factors mfluencmg infection m the 
mosquito 
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In this chapter it la proposed to satn 
manze briefly some of the available pub 
lished mfonaation coneemmg the spread 
of human, malaria by the \atiQus anophe 
line mosquitoes indigenous to the northern 
half of the irestem hemisphere At in 
tervah during the past similar renews 
have been prepared by various mdtviduab 
and the present summary represents an at 
tempt to bring up to date information ob 
tamed from such sources The anophelines 
are arranged in two mam groups those of 
the Nearctic Region and those of the Neo 
tropical Region Each species will be con 
sidered briefly from the viewpomt of its 
relation to zaalana The geographical dis 
trihution bteeumg and habits of each 
species are given m the references cited 

Anopkeline Mosqcttoes op the 
Neakctic Region 

The species of gtnua anophtlea consid 
ered in this section are listed in Table I 


TABLE I 


Subgenns 

Speoies 

Anopheles 

1 jS at opes Dyar & Ksab 190$ 

2 A criic ans Wiedemams 18^8 


3 A maculxpennts Meiges 1818 

4 A punet pennis Say 18 3 


5 A qvadrtmaetilalus Say 1824 

6 J 1 C lien Theobald 1901 

Coelo^azesiB 

7 A barben CoqmlleU 1903 


Also found in neotrop cal regions 


1 Anopheles (Anopheles) atropos 
Dyar and Rnab 1906 
o Expenmental infection — P vttox 
Mayne and Griffitts (1931) reported com 


paratiTC experiments m which 85 7 per cent 
of the specimens of A afropos fed on suit 
able carriers of P tnmr became infective 
There are no data for P falciparum or P 
malarxae 

b Infection in nature No data 
c Epidemiological Beyer (1923) stated 
that A atropos was suspected as a vector 
of malaria but accordmg to Covell (1927) 
this suspicion was not supported by direct 
evidence Hanson Boyd and Qriffitta 
(1935) remarked that while A atropos is 
susceptible they regarded it as epidemic 
logically unimportant ‘Wilhatoa (1937a) 
stated that A atropos is of no importance 
because it does not breed near man being 
cotfSned wholly to salt marsh areas of the 
Qulf and South Atlantic states 
It has been shown that atropos engages 
m flights enters dwellings at night and 
feeds on man also that it is susceptible to 
infection with P viicwr Its distribution is 
restneted by its breeding habits thus ren 
deriog it relatively unimportant as a na 
tional problem However this species must 
be considered of potential importance m 
situations where human dwellings are lo 
cated within its flight range and it deserves 
further study 

2 Anopheles (Anopheles) crucians 
"Wiedemann 1828 

a Experimental infection — P vitax 
Mayne‘ (1916a) first reported the experi 
mental infection of A crucians with P 
vivox Other reports of tests with this 
species have been made by Root (1924b) 
King (1921) and Barber Komp and Hayne 
(1927) 

P falciparum Mayne (1916a) also was 
I Eariier written Mitzmam. 
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the first to report the infection of A 
cructans with P falciparum, a fact which 
was confirmed by King (1916b) and Root 
(1924b) 

P malariae Several investigators 
(Beyer Pothier Conret and Iiemann 
1902b Root 1924b Mayne 1932 Boyd and 
Stratman Thomas 1933a) have attempted, 
with negative results to infect A entctans 
with P malanae 

In 1927 Barber Komp and Hayne re 
viewed the data a\ailable on infectinty 
experiments with A crucunu, in which A 
quadrimacutatus and A puneUpennts were 
used as controls and concluded that the 
evidence did not indicate that ‘a given 
anopheles is more susceptible to one type of 
malaria parasite than another ” In 1934b 
Boyd and Stratman Thomas reported ei 
periments m which susceptibility of A. 
cructans (inland variety) to P vtvaz, P 
falciparum and P malanae was compared 
with that of A quadrimaculaius They 
concluded that there was a difference m the 
susceptibility of the mos<iuitoes to all three 
species of parasites that of A quadrtmacu 
latus being high even when the gametocyte 
density is low A crucians, on the other 
hand was not infected when the gameto* 
cyte density was low but after the inges 
tion of larger numbers of gametocytcs it 
was infected with P vivax and P faleu 
pamm None of the A cructans was in 
fected with P molartae Later Boyd 
Kitchen and Mulrennan (1936) compared 
the susceptibility to P falciparum of A 
crucians, of the inland and coastal ^^les 
usmg A quadnmaculatus as a control No 
significant difference was noted in the sus- 
ceptibibty of the two A crucians varieties 
and both were relatively poorer hosts than 
A quadnmaculatus 

b Infection in nature In 1919 Mayne 
m Louisiana demonstrated infection in a 
wild specimen of A crucians, and since 
that time various observers have reported 
other natural infections In 1927 Barber 
Komp and Ha 3 Tie summarized as follows 
the results of the reported dissections in 
which the species of Anopheles were dis- 
tinguished and the stomach infections were 


recorded A crucians 2446 dissected, 002 
per cent infected, A punchpennis 130 
dissected none ii^ected, A gwadnmacit 
latus 10 641 dissected, 1 1 per cent m 
fected 

Sporozoites have been found m the sail 
varj glands of naturally infected A 
crucians 

c Epidemiological The epidemiological 
reports also are contradictory According 
to Coveil (1927) A crucians “is generally 
considered not to play an important part 
in the transmission of malaria, although 
Carter (1924) stated that it conveyed the 
disease effectually m the tidewater section 
of Virginia where malaria is bad and this 
species IS practically the only anopheline 
present Barber Komp and Hayne (1927) 
also referred to similar observations Beyer 
and others (1902b) suspected A crucians 
as being a vector of estivoautumnal ms 
laria on epidemiological grounds, and Byar 
(1922) stated that it is a dangerous carrier 
of malaria 

Root (2924b) suggested that the brackish 
water strain may be an efBcient carrier 
Boyd and Stratman Thomas in tbeir report 
on the comparative susceptibility of the 
inland variety of A crucians to infection 
stated A quadnmaculatus is more sus 
ceptible than A crucians to the parasites of 
all three species of human malaria They 
rcoarked that the greater epidemiological 
importance of A quadnmaculatus in the 
propagation of malaria in the sontbeastem 
United States can be attributed to (1) 
appreciable preference for human blood 
(2) house frequency habits and (3) high 
susceptibility to the malaria parasites 
Contrasting differences on the part of A 
crucians explain its relative iinimpor 
tance However it is believed that the 
final decision as to its relative importance 
in all localities must be delayed until more 
exact information has been obtained con 
cemmg the characteristics of the different 
snbspecies or varieties 

3 Anopheles (Anopheles) Maculipennis 
Jlcigen 3818 

Dyer (1922) stated that A maculipennis 
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IS eridently a good malarial earner though 
there is no record of experiments conducted 
with this form under the American name 
of ocetdentaZu 

a Expenmenlal tnfectwn — P vttax 
Barber £omp and King (1929) infected 
specimens of A macwZipennts collected in 
Dona Anna Co New Mexico with P moi 
There are no adequate data for P falc*- 
parwm and P malartat 
b Infeehon tn nature Barber Komp 
and King (1929) m northern New Mexico 
dissected 669 A maeuZipennis and found 2 
specimens, or 0 3 per cent with oocysts m 
the mid got Barber and Forbrick (1933) 
m New Mexico dissected 868 maeuhpennis 
and found 1 4 per cent infected 
c Epidemiologieal Barber Komp and 
King (1929) observed that in New Mexico 
A nuzeuZipennu is undoubtedly an impor 
taat vector of malaria. It is one o! the 
most common carriers of Europe and is 
considered an important vector m Cali 
forma. Twinn (1931) listed A maeu 
Upennu Mg among the principal trouble 
some mosquitoes of eastern Canada and 
stated that it is a dangerous vector m 
many countries, but there is little evidence 
of the occurrence of this disease at pres 
ent in eastern Canada Williams (1937a) 
stated that ‘maeultpenntj is a good vector 
of malaria but occurs in sufficient quanti 
ties only m New Mexico California and 
Oregon where the malanons areas are com 
paratively smalL 

In view of the confusion as to the van 
eties which are included under the name 
A macuhpenms in North America it ap 
pears that the mosquitoes of this group will 
require considerable entomological study 
before their relation to malaria can be 
determmed 

4 Anopheles (Anopheles) Punctipennis 

Say 1823 

a Expertmenial infections —P vivax 
In 1915 Kmg (1916a) infected A pwRC- 
tipennis with P vnax This work was 
confirmed by Mayne (Mitzmam) (191Gb) 
who used this mosquito for the expen 
mental infection of human volonteeia 


Similar results were obtained by King 
(1916a) Hoot (1924b) Barber Komp and 
Hayne (1927) and Boyd and Kitchen 
(1936a} In the past decade this species has 
been used extensively for the transmis 
Sion of therapeutic tertian malaria to 
patients with paresis (St John 1928) 

P /alctparum Kmg (1916b) infected 
A punctipennts with P falciparum and 
Mitzmain (1917b) and others confirmed 
this observation 

P malartae Mayne (1932) reported the 
infection of 6 of 157 A puncitpennis with 
P malanae 

Studies have been made to determine the 
relative susceptibility of A punctipennts to 
infection with malarial parasites. Boyd 
and Kitchen (1936a) who compared it with 
A quadrimaeulatus concluded that both 
mosquitoes were about equally susceptible 
to the strains of P viv» used and that 
A punctipennis varied from a high sus- 
ceptibili^ to a probable refractoriness to 
different strains of P foletparum Later 
Boyd Carr and Rozeboom (1938) reported 
other comparative tests m which Florida 
strains of A punctipennis and A quadri* 
naeulatus fed on blood of patients i^ected 
with oearctic (Flonda) and neotropical 
(Cuba) strams of P vwax and P falci- 
parum Both of the mosquito species were 
susceptible to infection with all of the 
strains of plasmodia used but A quadn- 
maculatus was more consistently suscept 
ible to the Cuban parasites than was A 
punctipennis 

h Infection in nature In view of the 
demonstrated susceptibility of A puncti- 
pennis to experimental infection with P 
vnxix P falciparum and P malanae it 
seems remarkable that so little information 
IS available about its infection in nature 
Boyd and Kitchen (1936a) stated that no 
one has ever reported the capture of a 
wild punctipennis with gland infection 
and only a single instance of a stomach 
infection has come to notice The latter 
was reported hy Mayne (1917b) but ae 
cording to 'Williams (1940) the author has 
since expressed some doubt concerning the 
accuracy of the observation 
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c Epidemiological Williams (1937a) 
stated, “Punciipennis, although capable of 
transmitting the disease and occurring in 
considerable quantities in all parts of the 
United States is wholly an outdoor biter 
and enters houses only in the late fall 
and then apparently for the purpose of 
hibernation ” 

The available data indicate that A punc 
iipennte is susceptible to infection wi^ the 
three mam species of plasmodia but that 
It IS a less effective vector than A guadn 
maculatus Further studies will be re 
quired to determine more exactly its rela 
tive impoTtance in the different regions 
where it exists 

5 Anopheles (Anopheles) Quadri 
maculatus Say 1824 

a Experimental infection The suscep 
tibihty of A quadntnaculatus to eiperi 
mental infection with the three mam species 
of malaria plasmodia baa been well estab 
lished and because of the ease with which 
this mosquito can be reared m captivity it 
has been used extensively for the routme 
transmission of malaria m the treatment of 
paresis This use has afforded an unusual 
opportunity to study its characteristics as 
a vector m great detail and thanks to the 
extensive experiments of Boyd and his 
associates and of others a fund of valuable 
fundamental information is now available 
concerning the development of the different 
plasmodia m A quadrtmaculaius under 
various conditions Since the literature on 
this subject is too extensive to be reviewed 
here the reader is referred to the original 
publications for complete details The data 
given below are limited to information 
summarized by Covell (1927 1931b) and 
other earlier mvestigators and to a few of 
the more recent observations made by Boyd 
and his co workers 

P tnax In 1900 Thayer reported the 
experimental infection of A quadrimaeu 
latus with P vnax and this observation 
was soon confirmed bj Berkeley (1901), 
King (1916a b) Slitzmain (1916b) and 
others More recently Boyd and his asso 
dates have shown that A quadnmaculatus 


IS an effective experimental vector of P 
vtiax The minimal parasite density re- 
quired to infect A quadnmaculatus is 
about one male and one female game 
tocyte per 100 leukocytes (Boyd Strat 
man Thomas and Kitchen 1935), and the 
mtrmsic incubation period at 20*’ C is 
about 17 dajrs (Boyd 1934) In a study 
of the influence of temperature on the 
sporogenous cycle of P vivax, Stratman 
Thomas (1940) found that the cycle was 
completed within the temperature range of 
15-17“ to 30“ C , the shortest time after the 
infective feeding was 8 days and the longest 
38 days The optimum temperature was 
28“ C Shortly after feeding on a game 
tocyte earner A quadnmaculatus was 
rendered non infective by 2 to 3 hours’ 
exposure to 37 5® C, 2i days’ exposure to 
1*-10 C Seven to 13 days after feeding 
the development of oocysts was aborted 
by exposure to 37 5 C for IS to 24 hours 
or to 1*-10® C for 24 days After com 
pletion of the sporogenous cycle the m 
fectivity of the sporozoites m the sabvary 
glands was mark^y inhibited by exposure 
to 37 6* C for 24 hours or to l*-7® 0 for 
50 days The author remarked that ' The 
fact ttat P viva* will not develop at a 
constant temperature above 30 C, and the 
fact that a period of 24 hours at 37 5® C 
will sterilize all but a very small per cent 
of A quadnmaculatus of their P vivax 
infection have a bearing on the transmis- 
sion of P vivax infection during the sum 
mer months The data presented show that 
in certain localities the oocyst may survive 
the winter and complete its development 
the following spnng ” A study of the 
per cent of A quadnmaculatus infected 
experimentally with P vivax m 230 batches 
(Boyd and Kitchen 1938b) showed that a 
higher proportion of mosquitoes were in 
fected in the batches applied during the 
spring and autumn 

Boyd Kitchen and Kupper (1937) re 
ported that of 3 574 A quadntnaculatus 
fed on P vita* gametocytes 2 288 or 64 2 
per cent were infected Boyd (1937) 
compared the susceptibility to P viva* of 
a certain strain of A quadnmaculatus 
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mamtamed for 7 years m an inseetary and 
another stram collected ont of doors In 
fection occurred m 63 per cent of the 
insectary bred mosquitoes and in 73 4 per 
cent of the wild ones Boyd (1940o) ob 
served that with large numbers of mos- 
quitoes the incidence of P vxvax infections 
revealed by stomach or gland dissections 
will be in substantial agreement 
Boyd and Kitchen observed that in 160 
successful inoculations of P vtiax malaria 
out of 182 from 8 to 23 days elapsed before 
the first microscopic detection of parasites 
Apparently the incubation period was not 
influenced by the period of intrinsic mcuba 
tion m the source of infection or the period 
of extrinsic incubation in the mosquitoes 
It was influenced inversely by the number 
of mosquitoes used. They concluded that 
the varying susceptibility of human bosta 
was more important in determining the 
length of the incubation period than any 
discernible factors modifying the sporo 
xoites 

P falcxparum Thayer (1900) was also 
the first to report infection of A gnadn 
macutaius with P falciparum Boyd 
(1934) observed that the incubation penod 
in A quadnmaculatus at 20 C is 23 days 
The minimal parasite density required to 
infect this mosquito is about 11 males and 
11 females per 100 leucocytes (Boyd Strat 
man Thomas and Kitchen 1935) Boyd 
Kitchen and Kupper (1937) reported the 
infection of 923 or 46 4 per cent of 1 992 
insectary bred A quadnmaculatus They 
concluded that While the results ob 
tamed appeared to mdicate that A quadn- 
maculatus IS a less efficient host to P falet 
parum than to P vtvax and while a 
definite proportion of a large senes of 
mosquitoes appear to be refractory to each 
species yet in view of the fact that given 
a sufficiently high gametocyte density A 
quadnmaculatus can be infected m ap 
proximately the same degree with P falci- 
parum as with P vivax we inclme to the 
opmion that the differences noted may more 
properly be attributed to characteristics of 
the parasites themselves than to a differ 
ential susceptibibty on the part of A 


quadnmaeuJatus ’ Boyd and Kitchen 
(1938b) from a study of 230 lots of A 
quadnmaculatus infected with P iitoi 
and 166 lots infected with P falciparum, 
noted that there was a higher percentage 
of P tivaz infections in mosquitoes that 
fed when exflagellation was demonstrable 
but that no such difference occurred with 
P falciparum Boyd and Kitchen (1937b) 
determined that in the experimental infec 
tion of A quadnmaculatus, P vivax game 
tocytes are about 10 tunes as effective as 
are P falciparum gametocytes After the 
inoculation of patients with P vivax, fully 
matured infectious gametocytes are pres 
ent within 5 days of the appearance of 
parasites and they are present for some 
tune after the end of the clinical attack 
Some of the mosquitoes were infected 
when the gametocyte density was less than 
10 per cmm P falciparum gametocytes 
were not found until 10 days after the ap- 
pearance of parasites and in some instances 
not before the end of the primary attack. 
Submicroscopic densities of gametocytes 
did not cause infection and densities less 
than 100 per cmm generaUy failed to 
infect Boyd Kitchen and Kupper (1937) 
have shown experimentally that A quad 
nmaculatus can be infected simultaneously 
with two different species of malarial para 
sites and that withm the mosquito neither 
species appears to injure or inhibit the 
other Such mosquitoes can transmit 
both parasites to man and produce infec 
tion Boyd and Jobbms (1940) compared 
the susceptibility of A quadnmaculatus 
from Florida and A albtmanus from Pan 
ama to strains of P falciparum from 
Florida hlexico and Panama The infec 
tion rates were (a) A albimanus to Flor 
ida parasites 7 5 per cent to Mexican 
parasites 13 5 per cent and to Panaman 
strain 13 6 per cent (b) A guadnmaca 
lafK* to Florida stram 48 9 per cent to 
Mexican strain 57 1 per cent to Panaman 
Btram 17 6 per cent 

P malanae Beyer Pothier Couret and 
Lemann (1902b) reported the expenmen 
tal infection of 2 of 5 A quadnmaculatus 
with P malanae Boyd and Stratman 



116 


TLf *T.ittTA 


c Epidemiological WjUiama (1937a) 
etated, **Punctipenms, although capable of 
transmitting the disease and occurring m 
considerable quantities in all parts of the 
United States is •wholly an outdoor biter 
and enters houses only m the late fall 
and then apparently for the purpose of 
hibernation ’ 

The available data indicate that A. pune 
tipenms is susceptible to infection witt the 
three mam species of plasmodia, but that 
it IS a less effective vector than A guadrt 
tnaculaius Further studies will be re 
qmred to determme more exactly ita rela 
tive importance in the different regions 
•where it exists 

5 Anopheles (Anopheles) Quadri 
maculates Say 1624 

a Experimental infection The suscep 
tibility of A quadrmaculatuc to eipcn 
mental infection with the three mam species 
of malaria plasmodia has been well estab 
lished and because of the ease with which 
this mosquito can be reared m captivity it 
has been used extensively for the routme 
transmission of malaria m the treatment of 
paresis This use has afforded an unusual 
opportunity to study its characteristics as 
a vector m great detail and thanks to the 
extensive experiments of Bojd and his 
associates and of others a fund of valuable 
fundamental information is now available 
coneernmg the development of the different 
plasmodia m A quadrmacuUtlus under 
\arious conditions Since the literature on 
this subject is too extensive to be reviewed 
here the reader is referred to the original 
publications for complete details The data 
given below are limited to information 
summarized by Coveil (1927, 1931b) and 
othfr earlier investigators and to a few of 
the more recent observations made by Boyd 
and his co workers 

P max In 1900 Thayer reported the 
experimental infection of A qvadrtmacu 
latws with P vitax and this observation 
was soon confirmed by Berkeley (1901) 
Kmg (1916a b) Mitemain (2926b) and 
others More recently Bojd and his asso 
dates have shown that A quadrxmacnlatus 


13 an effective experimental vector of P 
wuax The minimal parasite density re 
quired to infect A quadrtmaculatus is 
about one male and one female game 
toi^te per 100 leukocytes (Boyd, Strat 
man Thomas and Kitchen 1935), and the 
intrinsic mcubation period at 20 C is 
about 17 days (Boyd 1934) In a study 
of the mfiuence of temperature on the 
sporogenous cycle of P vivax, Stratman 
Thomas (1940) found that the cycle was 
completed withm the temperature range of 
15^17“ to 30 C the shortest time after the 
infective feeding was 8 days and the longest 
38 days The optimum temperature was 
28'* C Shortly after feedmg on a game- 
tocyte carrier A guadnmaculatus was 
rendered non infective by 2 to 3 hours' 
exposure to 37 5® C, 2i days' exposure to 
I®--!© C Seven to 13 days after feeding 
the development of oocysts was aborted 
by exposure to 37 5^ C for 18 to 24 hours 
or to 1®-10* C for 24 days After com 
pletion of the sporogenous cycle the m 
fectmty of the sporozoites m the salivary 
glands was markedly inhibited by exposure 
to 37 5* C for 24 hours or to l*-7® C for 
50 days The author remarked that “The 
fact that P vivax will not develop at a 
constant temperature above 30® 0, and tbe 
fact that a period of 24 hours at 37 5 C 
will sterilise all but a very small per cent 
of A guadnmaculatus of their P vivax 
infection have a bearing on the trausmis- 
sioa of P vivax infection during the sum 
mer months The data presented show that 
in certain locahties the oocyst may survive 
tbe winter and complete its development 
the foUowmg sprmg ’ A study of the 
per cent of A quadnmaculaius infected 
experimentally with P vivax m 230 batches 
(Boyd and Kitchen 2938b) showed that a 
higher proportion of mosquitoes were in 
fected m the batches applied during tbe 
spring end autumn 

Boyd Kitchen and Kupper (1937) re 
ported that of 3,574 A quadnmaculatus 
fed on P vivax gametocytes 2 288 or 64 2 
per cent were tnlected Boyd (1937) 
compared the susceptibility to P itvax of 
a certam strain of A guadnmaculaius 
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assumed to be too rare a mosquito to play 
any part m disease transmission "With 
latter-day use of the light trap with its 
suctwm apparatus A wolktrx has been 
found in some sections to be present in 
considerable numbers. Observations m the 
year past have shown that it enters houses 
freely at night feeds on human bemga 
and then disappears to unknown daytime 
roosting places No outbreaks of malaria 
have yet been found ascribed to this species 
of Anopheles 

From the foregoing evidence it appears 
that A walken is a possible vector and 
that additional investigations will be re 
qnired to determme its relative importance 
m the transmission of malaria 

7 Anopheles (Coelodiat -sis) barben 
CoquiUet 1903 

o Experimental infection — P invax 
Strstman Thomas and Baker (1936) re 
ported the infection of a specimen of A 
barien bj feeding on a tertian patient who 
had 3 micro and 11 macrogametocytes per 
100 leukocytes with demonstrable ex£agel 
lation of the former This infected mos- 
quito transmitted malaria to another pa 
tient There are no data for P falctpontni 
and P mdlaruie 

h 7n/ectw« in noturc No data 
e Eptdemtologieal Data are inadequate 
but the mosquito is relatively rare and has 
not been suspected as an important vector 
on epidemiological grounds 
The evidence available mdicates that A 
harbert is relatively unimportant as a 
vector of malaria (Williams 1937a Herms 
1939) but the species sbonid be investigated 
further 

Anopheune Mosquitoes of the 
Neotropical Reoion 
The anophelmes to be considered in this 
section are indicated in Table II which is 
based on lafonnation farnished by Kump 
(1940b) 

1 Chagasia bathanus Dyar 1928 
a Experimental infeelwn According to 
Komp (1940b) Barber and Komp m 1927 


TABLE n 


Anotsiliks Mosquitoes or the Neotsopical 
Beoioh Exclusive or South Aiciuuca 
{Aeeoriing to Eomp 1940) 


enbsenns 


Bpeeies 


1 

C holAoniis Dyar 19 8> 

Sle^ayia 


A loBijn Edwards 1939* 

Anopheles 

1 3 

A eMcni CoqniUet 1908 

1 4 

A tieetont ^ra 193 


5 

A parapunettpennU Martini 
1932 


6 

A pte cfopunet pesnu Theo 
bald 1901 


T 

A xelajuennt De Leon 

Amhalsagia 

8 

A aptettnacvla Dyar and 
Knab IBOS 


9 

A neontanltpolptu Curry 
1931 


10 

A punelimaevla Dyar and 
Knab 1906 

Qfcloleypte on 

11 

A pralhomi Tbeobald 1601 

1* 

A rfitiltpenntt Dyar and 
Enab 1906 

NraaethTnehns 

13 

A alhtsviniia Wiedemann 

1621 


14 

A etbitofiu Lyndi Ainbal 
saga 1878 


15 

A oftOfMlophylliM Somp 

1936 


t« 

A orpynta su BobueauDes 
Toidy 18*7 


17 

A hochfUR 1 Petrocehi 19 S 


18 

A da hnfft Boot 19 6 


19 

A etvatdot Peryassn 19 2 


80 

A rtrodei Boot 19 6 


21 

A ta noMmlatiuGoeldilSOe 

Kertesoa 

2“ 

A heltafor Dyar and Enab 
1906 


23 

A netvaf Dyar and Enab 

1917 


Tbeae speeiei are alio found in the nearetie 

> This speeiei is genes Chag&sia. 
s This and all following species are genua Anopb 

eles. 

attempted with negative resnlts, to infect 
a few specimens with P falctparum 
i Infection in nature No data 
e Epidemioloptcal No data 
This mosquito appears to be rdahvcly 
rare in the localities where it has been iden 
tified and it has not been incriminated as 
a malarial vector Additional studies will 
be required to determine its possible rela 
tion to malana. 
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Thomas (1933a) reported the first recorded 
experimental transmission of P malaruu 
by anopheles mosquitoes In four lots of 
40 63 18 and 42 A guadrtmaculaius the 
per cent infected were 45 32 63 4 and 
9 4 respectively The extrinsic incubation 
period at 20“ C was 30 to 35 days In 
1936 these authors reported the transmis- 
sion of quartan malaria to two additional 
cases 

b Infecivm tn nature Hirshberg (1904) 
reported the finding of "naturally m 
fected" A quadnmaeulaius and since that 
tune Mitzmam (1916e 1919) Met* (1919c) 
King (1921) Boot (1924b) and Darling 
(1925) have reported infections in nature 
ranging from 0 3 to 19 0 per cent 

c Epxdemtologxeal A guadnmaeulatus 

15 universally regarded as the most impor 
tant malarial vector in the United States, 
because of its breedmg and feeding habits 
Its susceptibility to infection and its dis- 
tribution m malarious regions According 
to Williams (1937a) it is the chief vector 
a eonclosion that may be accepted for the 
United States It breeds almost wholly in 
still water that is relatively clear It re- 
quires some sunshine never being found 
in dense shade However it requires some 
darkness, never being found in waters 
which are wholly unshaded unless they 
have a type of flotage which casts narrow 
strips of shade where the mosquito larvae 
may he during a portion of the daylight 
hours Although A guadnmaculatus will 
feed on xTHTnalg as does A punclipennts, 
it will also feed voraciously on human be 
mgs and frequents human habitations 

5 Anopheles (Anopheles) walkert 
Theobald 1901 

a Experimental tnfeciwn — P iniax In 
August 1932 Matheson Boyd and Strat 
Thomas (1933) report^ experiments 
performed m Florida with 8 imagines of 
A walkert from larvae collected m New 
York Six of them fed on a tertian patient 
whose blood had a gametoeyte density of 

16 males and 3 females per 100 leukocytes 
and eiflageUation of the males The next 
day one other mosquito fed. The mosqui 


toes were kept at a temperature of 19*- 
22 8® C Six specimens were exammed and 
4 were infected the extrinsic mcubation 
period bemg estimated at about 17 days 
One specimen transmitted the infection to 
a human patient 

P falciparum Durmg 1926 Eomp m 
Louisiana attempted to infect A walkert 
with P falciparum with negative results. 
In October 1935 Kitchen and Bradley 
(1936a) apphed groups of A ualkert col 
lected m Florida and control groups of 
A guadrtmaeulafus to a patient with P 
falciparum malana On the days of these 
feedings the gametoeyte densities were 
male 540 to 580 female 250 to 340 per 
emm All dissections were made 12 days 
later with the following results A quadru 
maeulatui, total fed 26 positive 20 or 77 
per cent A walkert total fed 9 positive 
1 (1 cyst), or 11 1 per cent It was con 
elnded that the southern form of JL walkert 
IS not highly snsceptible to infection by 
P faletporum There are no data for P 
malarute 

b Infection in nofure From July 11 to 
29 1939 Bang et si (1940) nsmg a light 
trap collected mosquitoes from the environs 
of Bondurant Kentucky The 23Ist speci 
men of A ualkert dissected had oocysts 
on the stomach and a heavy sporozoite in 
fection of the salivary glands The authors 
remarked that the human origin of the 
parasites was probably indicated by the 
fact that A walkert prefers to feed on 
mammals including man rather than birds. 

€ Epidemiological Johnson (1936) re- 
marked that Possibly due to its willing 
ness to bite humans its unusual daytime 
resting habits and its presumaWy unrecog 
nized prevalence A. walkert may be shown 
to be of importance from the malana stand 
point This of course is dependent on its be- 
ing an efficient harborer of the malana or 
ganism According to Williams (1937a) 

The place of A. walkert as a malanal 
vector is in some doubt Until two years 
ago it was considered a very rare mosquito 
It was found breeding in only a few places 
in the grassy edges of swamps. So few 
specimens were encountered that it was 



TIlA^SMlSSION OP UALAHIA. BT ANOPHELES IV NORTH AUERICA 


121 


been reported as follows Darling (1910) 
in Panama 1 mosquito Davis and Shaozioii 
(1928) m Argentine 3 mosquitoes 
i Infeelion in nature Covell (1927) 
listed the reports of natural infections m 
northwestern Argentina as follows Pat 
erson (1911), 16 out of 1549 Muhlens et 
al (1925) 2 out of 62 Maza and Gonzales 
(1926) 2 out of 28 Davis (1927) 12 out 
of 435 Later Covell (1931h) recorded 
two additional reports namely one by 
Benarroch (1928) m Venezuela who dis 
sected 103 mosquitoes with negative re 
suits and another by Davis and Shannon 
(1928) in Argentina who dissected 369 
specimens and found 8 infected Enmm 
and Ruiz (1928) in Costa Rica dissected 
7 specimens with negative results "WiUe 
(1933) lound naturally inieele4ioo5q[ortoe3 
in Peru Vargas (1933) in Mexico reported 
that none of $01 salivary glands but 228 
per cent of 526 stomachs were infected 
c Epuiermalagical Dyar (1928) con 
eluded that it is probable that A pseudo 
punettpennts is the principal vector of 
malaria in the drier regions According 
to Root and Andrews (1938) it is known 
to be the mam vector of northwestern At 
gentina but elsewhere it is bebeved to be 
of little or no importance Careful workers 
in California Panama and Venezuela have 
all concluded that in these regions this 
species IS not a vector of sanitar> impor 
tauce Herms (1919) stated that m Cali 
forma A pseudopuncitpennts is believed 
to be negligible as a factor in malana 
Williams (1937a) observed that although 
found in West Texas and Pecos Valley of 
New Mexico it does not transmit malana in 
our country Earle (1936b) laigely on 
epidemiological grounds did not consider 
tli\3 species an important vector in Gra 
nada 

On the other hand Shannon (1933) 
stated that it appears that A pseud^une 
ttpennis Theobald is the only anopheline 
in the Runae \ alley Peru and the onfy 
one in any abundance on the entire western 
slope of the Peruvian Andes It is often 
numerous in houses and is considered to 
he a vector HofEmann (1932) eonclnded 


that A pseudopunetipennts is responsible 
for endemic malaria over an enormous part 
of the center of Mexico which is character 
ized by a more or less dry climate and in 
elndes high valleys 6000-7000 feet above 
sea level He believed it to be the prm 
cipal cause of wmter malana particularly 
in the southern and western parts of the 
country Hoffmann and Samano (1938) 
concluded that m all dry regions of Mexico 
A pseudopunetipennts is not only the most 
important but almost always the sole vector 
of malaria Giaquioto Mira (1936) in 
Guatemala also believed that this species 
is the chief vector at high altitudes and 
that It seems to be able to transmit P inax 
better than P faletparum 

Because of the contradictory nature of 
the reports on the hahits and the suscepti 
bility to infection of A pseudopunctipennis 
ID vanous regions perhaps attributable to 
varietal differences it appears obvious that 
this mosquito will require additional in 
vestigation to detensme its exact status as 
a malanal vector throughout the wide range 
of its geographical distribution 

7 Anopheles (Anopheles) xelajuensis 
De Leon 

There are no data available for this 
species which is distributed in the high 
lands of Guatemala but accordmg to Komp 
(1940b) It is BO rare that it probably is of 
no importance as a vector of malaria 

8 Anopheles (Arribalzagia) apicimacula 
Dyar and Rnab 1906 

o Experimental infection Benarroch 
(1928) in\enezuela reported the feeding 
of 22 A apicimacula on a patient with 
malana of unkown type The results were 
negative 

P falciparum In 1936 a few A apici 
macula reared from larvae collected in Pan 
ama were examined after feeding on human 
carriers of P falciparum gametoeytes 
One mosquito which took blood containing 
2 8 gametocytes per 100 leukocytes was in 
feeted and had sporozoites in the salivary 
glands (Simmons 1937) There are no data 
for P vuaz and P malartae 
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2 Anopheles (Stethomyia) kompi 

Edwards 1930 

There are no data of infections of A 
kompi with malarial plasmodia The rcla 
tive infrequency of A kompi m Panama 
suggests that it is not an important vector 
there Additional studies will be required 
to determine its possible relation to malana 

3 Anopheles (Anopheles) eiseni 

Coquillet 1908 

a Expenmenial tnfeciion — P tnvex 
According to Covell (1927), Davis (1926) 
failed to demonstrate infection in four 
mosquitoes which had fed on a P vtvax 
gametocyte earner In Panama Simmons 
(1936d) found a single oocyst containing 
sporozoites on the stomach of a specimen 
of A eueni which had led on a earner of 
P vivax gametocytea There are no data 
relative to its infection with P /alctparum 
end P malariae 

b Infection in nature No data 
c Epidemiological Data inadequate 
Additional studies will be required to 
determine the possible susceptibility of A 
eisent to malaria and its importance as a 
vector 

4 Anopheles (Anopheles) hectons 
Giaqumto hlira 1931 
a Experimental infection — P vitaar 
De Leon (1933) reported the infection of 
1 to 5 mosquitoes, with the formation of 
oocysts 

P falciparum De Leon (1933) also dis 
seated 41 mosquitoes fed on P falciparum 
and found oocysts in 3 P malariae No 
data 

b Infection in nature No data available 
c Epideipiological According to Gia 
qumto Mira (1936) A hectons must be 
dangerous in its restricted area of distn 
bution for it is the only species found in 
a place where an epidemic of malana 
occurred and it has been infected expen 
mentally 

The evidence indicates that A hectons 
IS a potential vector of malaria but addi 
tional studies wiU be required to determine 
its importance in this respect 


5 Anopheles (Anopheles) parapunc 

tipenms Martini 1932 
This IS a rare highland species found m 
Mexico and Central America The data of 
its relation to malaria are inadequate 
(Komp 1940b) 

6 Anopheles (Anopheles) pseudo 

punctipcnnis Theobald 1901 
a Expenmenial infection — P viiax 
Darling (1910) m Panama failed to find 
infection in 4 mosquitoes Barber, Komp 
and Hayne (1927), m New Mexico re- 
ported the experimental infection of 1 of 
12 mosquitoes and Shannon and Davis 
(1930), in Argentina, reported negative re 
suits with 6 mosquitoes Simmons (1939b) 
fed 6 mosquitoes on a tertian patient with 
an undetermined gametocyte density and 
found 1 infected 

P /fllcjporMTn Darling (1910) :n Pan 
ama found 4 of 27 mosquitoes infected, 
Shannon and Dans (1930), u Argentina 
reported the infection of 3 of 8 mosquitoes 
which had fed on patients treated with 
qumme Simmons (1939b), in Panama 
during 1935--3fi fed 84 ^ psevdopuncti- 
pennis on carriers and found 7 to be in 
fected Fort> mne of the latter fed on 
patients with low gametocyte densities 
(04 to 3 per 100 leukocytes), and the 
others on patients with densities from 2 8 
to 12 Earle (1936b), in Granada reported 
the infection of 4 of 21 mosquitoes 
Boyd and Earle (1939) comparing the 
susceptibility of a Mexican strain of A 
pseudopunotipennis to infection with 
strams of P falciparum from Mexico and 
Florida reported the infection of 7 1 per 
cent of 28 mosquitoes with the Florida 
parasite and 4 1 per cent of 24 mosquitoes 
with the Mexican parasite In these ex 
penments the susceptibility of insectary 
raised imagines of A psetidopuncitpennts 
from the Mexican highlands to Mexican 
and Flondan strams of P falciparum was 
not significantly different and it was dis 
tinctly lower than that of A guadnmacu 
laius controls 

P malanae A few negative attempts to 
infect this mosquito with P malanae have 
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5 per 100 leukocytes In view of Darbng s 
other negative results with A. puncft 
maeuUi this observation is not considered 
significant 

b Infectton in nature Bennaroch 
(1928) in Venezuela reported the dissec 
tion of 58 specimens with negatne results 
One of 6 specimens of A puneitmacula 
eacght November 1935 in the sleeping 
quarters of two soldiers at an outpost of the 
Fort Sherman reservation m Panama was 
found to contain oocysts filled with sporo 
zoites (Simmons 1936a) Previously ma 
laria had occurred in former occupants of 
this house and of a nearby hut At the time 
of this observation 101 A albiwanus caught 
m dwellings m the same area were exam 
ined with negative results Rozeboom 
(1938a) during his studies m Panama re 
ferred to above dissected the anopbehnes 
caught in houses with the following results 
A alhtmanus dissected 472 and 4 or 1 1 per 
cent were infected A puncUmaeula dis 
eeeted 103 and 1 or 0 9? per cent were in 
fected A baehmanm dissected 3 from 
houses and 320 from pig stys and none was 
infected Eumm and Ruiz (1939a) m Costa 
Rica dissected 7 A punctmaeula with 
negative results and 659 A albtmanus 
With one specimen infected 
c Epidemtological Prior to 1910 when 
Darling published the results of hw nega 
tive infection experiments A malefactor 
(puneUmacitla) was suspected as an im 
portant vector of malaria in Panama be- 
cause of Its great prevalence in certain 
seasons and locations and because of its 
habit of invading dwelhngs and feeding 
avidly on man A puncUmacula is still a 
common mosquito m unsanitated regions in 
Panama and its feeding habits still sug 
gest that It may be an important factor in 
the transmission of malaria to troops and 
others exposed in such regions It has been 
found naturally infected and its suscepti 
bihty to experimental infection is high 
The evidence supports the conclusion that 
A puncUmacula is an efficient vector of 
malaria at least in unsanitated regions in 
Panama Additional studies should be 
made to determine its relative importance 


there and m other countries where it is 
indigenous 

11 Anopheles (Cycloleppteron) grab 

hami Theobald 1901 
a Experimental tnfectun In Jamaica 
Boyd and Ans (1929) reported negative 
experimental results with 4 A grabkamt 
P falciparum Earle (1936a) lu Puerto 
Rico using wild mosquitoes infected 8 or 
20 5 per cent of 39 A grabkami fed on err 
riere of P falciparum There were 76 A 
albtmanus controls of which 14 or 18 4 per 
cent were infected For P max and P 
malanae there are no data 
6 Infection tn nature Green (1921 
1922) in Puerto Rieo during 1921 dis- 
sected 402 A grabkamt caught under 
houses and found 3 infected one with 4 
oocysts and 2 with one oocyst each In 
1922 be dissected 351 A grabkamt and 
found two positive stomachs one with 10 
oocysts and the number not stated in the 
other The rate of infection was about the 
same m 459 and 790 A albimanue dissected 
m the same periods (Earle 1936a) In Ja 
maica Carley (1931) ezammed 125 A 
grabkamt caught m nature and found one 
infected specimen with a mature oocyst but 
no gland infection Among 717 A albi 
manHS dissected at the same tune he found 
one with a stomach infection and one with 
infected glands. 

c Epidemiological According to Earle 
(19368) the low density of this species in 
Puerto Rico and its indifference to human 
blood suggest that it is not an important 
vector there 

A grabkamt has been infected experi 
mentally with P /alciparwin and has been 
found infected in nature Additional 
studies will be required to determine its 
relative importance as a vector of malaria 

12 Anopheles (Cycloleppteron) vestiti 

pennis Dyar and Knab 1906 
« ExperxmentaltnfecUon Covell (1927) 
stated that Johnson (1926) attempted 
without success to infect this species with 
malarial parasites in Puerto Rico He does 
not say which form was used m these ex 
penments 
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b Infection in nature Benarroch 
(1928) m Venezuela dissected 168 speci 
mens and failed to find infection 
c Epidemiological Data inadequate 
Additional studies 'will be required to 
determine the relatue susceptibility of A 
apictmacula to infection and its importance 
as a malarial ^eeto^ 

9 Anopheles (Ambalzagta) neomacuh 
palpus Curry 1931 

a Experimental tnfeeUon ■ — P tniox 
During November and December 1935 
Simmons (1936d) in Panama used 31 
adult A neomaculipalpus, reared from 
larvae collected in the Canal Zone m feed 
ing experiments on tertian malarial pa 
tients Seven or 22 per cent of these mos 
quitoes were infected compared with 3, or 

14 per cent infected m 21 A albtmanus 
controls In the first group which included 

15 A neomaculipalpus and 7 A albxmanus, 
fed on blood containing an unknown num 
ber of gametocytes two of the former and 
none of the latter were infected In group 
two which included 8 A neomaculipalpus 
and 11 A albtmanus that fed on blood con 
taming 4 to 7 2 gametocytes per 100 leuko 
eytes one mosquito of each species was m 
fected In the third group which took 
blood with gametocyte densities as high as 
13 4 four of 8 A neomaculipalpus and 2 
of 3 A albimanus were infected P falci- 
parum and P malariae, no data 

6 Infection in nature No data 
c Epidemiological Data inadequate 
It has been shown that A neomacvXipal 
pus IS susceptible to infection with P titox, 
hut additional studies will be required to 
determine its relative susceptibility to this 
and other species of plasmodia, and its 
importance as a malarial vector 

10 Anopheles (Ambalzagia) puncti 
macula Dyar and Knab 1906 
a Experimental inf ection Darling 
(1910) m Panama reported negative ex 
periments with 17 mosquitoes from which 
he concluded that A malefactor (A pwnctu 
macula) m spite of its name does not trans- 
mit malarial fevers Bennaroch (1928) 


failed to find infection in one specimen of 
■A. punetimacula which had fed on a patient 
with malaria of unknown type In 1936 it 
was shown experimentally by Simmons 
(1936b) that A pwncfimaciilo is susceptible 
to infections with both P max and P 
falciparum 

P vtiax Simmons (1936b) m Panama, 
dissected 44 mosquitoes fed on carriers of 
tertian parasites and found 17, or 39 per 
cent to be infected Among IS of these 
mosquitoes which fed on blood with un 
known gametocyte densities 3 or 17 per 
cent, were infected The remaiflmg 26 
mosquitoes took blood containing from 6 to 
7 4 gametocj tes per 100 leukocytes and 14 
to SO per cent of these were found to be 
joteot^ 

P falciparum Darling (1910), m Pan 
ama failed to find parasites m 16 mosqui 
toes which fed on infected persons 12 on 
a patient with gametocyte count of 6 to 10 
per 100 leukocytes and 3 on a patient with 
a gametocyte density of 16 During 1935 
sud 1936 Simmons (1939b) in Panama con 
ducted a senes of experiments during which 
a total of 545 A punetimacula were dis 
seeled after feedmg on different camera of 
P falciparum malaria The results which 
were summarized as follows indicate that 
A punetimacula was highly susceptible 
The development of oocysts and the infec 
tion of salivary glands with sporozoites 
occiirred m A punetimacula as m A olbi- 
manus used as controls 
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P malOrtae Darling (1910) in Panama 
reported that he failed to find infection in 
one mosquito that fed on a earner of quar 
tan malariae with a gametocj te density of 
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another chapter A albimanus is considered 
as the principal vector in 17 countries 
Hoffmann (1938a) observed that A aI6t 
manus is the chief vector in the tropical 
regions of Mexico that are humid meluding 
both coasts but especiaUj the Gulf coast 
where it is abundant during the rainy 
season 

There seems to be no doubt as to the fact 
that A albimanus is an important trans 
matter of malaria in Central America and 
the West Indies but in view of its apparent 
relative unsusceptibility to exotic strains of 
parasites in the experiments by Boyd Carr 
and Bozeboom (1938) it appears that 
studies to determine its relative suseepLi 
bibty should be made in the different 
regions where it is found 

14 Anopheles (Nyssorhynchus) albi 
tarsis Lynch Arnbalzaga 1876 
Acording to Coveil (1927) Boot (1926) 
considers that the species referred to by 
Brazihan entomologists as ^brazilttnsts and 
^argyniarsis are really albttarsu and 
farther states that as far as he knows no 
dissections of the true bra iltensxs are on 
record All their dissections for the above 
species are therefore given here 
0 Expenmentalinfeetun Covell (1927) 
stated Experimentally, Godoy and Pinto 
(1923) record having infected A braztlu 
ensis but gave no details of their expen 
ments beyond stating that sporozoites were 
found In nature they record the same spe 
eies found infected and Boyd records natu 
ral infections of argyrttarsts ’ 

P vtiax Ayrozo Galvao (1938) in 
Brazil dissected 5 A albttarsu which had 
fed 1(1-19 days previously on a earner of 
P vivaz gametocytes and found none in 
fected 

P falciparum Bozeboom (1938a) in 
Panama reported experiments in -which 
100 A fllhttams and 113 A aZ6n7UzniM eon 
trols fed on human earners of P falei 
parum gametocytes Four of the A otts- 
tarits and 37 A albimanus were found to 
be infected showing oocysts in the stomach 
There are no data for P molarioe 
b Infection tn nature Eeports of natn 


ral infections by various authois as sum 
marized by Coveil (1927) have been made 
by Stephens (1921) Godoy and Pinto 
(1923) Boyd (1926) and Kumm (1932) 
e Epidemiological Among observers m 
Panama it is the consensus that there are 
no epidemiological data to indicate that A 
albitarsis may be of importance there and 
Giglioh (1938a b) believed it unimportant 
m British Guiana However in other loea 
tions particularly Brazil (Boot 1926 
Eumm 1932 Townsend 1934) and m Vene 
zuela it IS considered an important vector 
of malaria 

Additional studies will be required to dis 
tinguisfa the varieties of A albitarsis and to 
determine their relative importance m the 
transmission of malaria 

15 Anopheles (Nyssorhynehus) ano 
fflalophyllus Homp 1936 
There are no data regarding infection of 
this rare mosqmto by malarial plasmodia 
Beeanse of the apparent rantv of this spe 
cies It seems probable that it is of no im 
portsnee as a malaria) vector 

16 Anopheles (Nyssorhynehus) argyri 
tarsis Bobineau Desvoidy 1827 
Covell (1927) commented on the reports 
dealing with A argyritarsis as follows 
Owing to the confusion which exists with 
r^ard to the correct nomenclature of this 
species it IS extremely difBcult to be certain 
whether the records relating to infection 
are accurate Root (1926) holds that the 
‘Argyritarsis' of Brazilian entomologists is 
really A albtlorsw Lynch Arnbalzaga and 
the records of Godoy and Pinto Boyd and 
Davis are therefore given under the latter 
species 

a Experimental infection — P invax 
Darling (1910) m Panama failed to infect 
one specimen of A argyritarsis fed on a 
patient with tertian malaria 
P falciparum Darlmg (1910) m Pan 
ama failed to find infection m three mos- 
quitoes fed on patients with estivo-autumnal 
malana Bennaroch (1928) in Venezuela 
reported negative results with 6 mosqm 
toes Earle (1936b) in Grenada reported 
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P falciparum Earle (1936a) reported 
negative experimental results with 6 mos 
quJtoes in Puerto Bieo There are no data 
for P vivax and P malanae 

b Infection tn nature In 1927, Covell 
stated that there was no evidence that this 
species causes malaria in nature TfMTnTn 
and Buiz (1928) in Costa Bica dissected 
20 specimens with negative results In 
1939 Kumm (1940a) in British Honduras 
found a specimen of A lesUiipennts with a 
naturally acquired salivary gland infection 
c Epidemiological Data inadequate 
Additional investigation of this species 
will be required to determine its relation to 
malaria 

Anopheles (Nyssorhynchus) albiraanus 
"Wiedemann 1821 

a Experimental infection — P i«iax 
Darling (1910), m Panama reported the 
infection of 6, or 85 per cent, of 7 speci 
mens fed on earners of tertian parasites 
Among others who have reported the re 
suits of experimental infectiona are Earle 
(1930a) Komp (1940) and Horehoom 
(1936a) 

P falciparum Darling (1910), m Pan 
ama also reported the infection of 31, or 72 
per cent of 43 mosquitoes fed on carriers 
of estivo autumnal parasites Others re 
porting infections with P falciparum are 
Earle (1930a) Boseboom (1935 1938a), 
Simmons (1936) and Bojd and Johbins 
(1940) 

P malanae According to Covell (1927), 
“Godoy and Finto (1923) recorded that A 
albmanus had been experimentally infected 
with quartan parasites by them in Brazil 
Boot (1926) however says that he has 
never seen this species m Brazil and con 
aiders that the species so recorded are prob- 
ably aberrant females of A iarsimacu 
latus ” 

Studies were carried out by Boyd Carr 
and Rozeboom (1938) to compare the bus 
eeptibihty of A albimanus from Cuba and 
Panama with that of A guadrimaculatue 
and A punctipenms from Florida when 
paired lots were simultaneously infected 
with strains of P tivaz and P falciparum 


derived from Florida and Cuba “The A 
guadrmaculatus displayed a high suscepti 
bihty to both the indigenous and exotic 
strains of P vivax and P falciparum, 
while A punctipenms was definitely less 
susceptible to the exotic strains of the para 
sites A albimanus was invariably inferior 
to A quadrmaculaius m susceptibility to 
Btrams of parasites from its own region and 
it was nearly non infective with the nearctic 
strains of these parasites ’ BojdandJob 
bins (1940) reported that "A albimanus 
from Panama exhibits a susceptibility to a 
comdigenous strain of P falciparum sum 
lar to that observed in a Florida stram of 
A quadrmaculaius when infected with the 
same strain The relative susceptibility of 
these anophelines to comdigenous and exotic 
strains is essentially similar to those previ 
ously noted by Boyd, Carr and Bozeboom 
(1938) ’ 

b Inf ectionxn nature A albmanus has 
been found infected in nature in Veaezuda 
Panama, Puerto Bico Jamaica and Costa 
Riea 

0 Epidemtologtcal This hardy species 
invades dwellings and feeds avidly on man 
and it also may show a preference for 
horses (LePnnce and Orenstem 1916) or 
oxen goats or pigs (Earle and Howard) 
Observations made by Bozeboom (1938a) 
m Panama mdicate that it may prefer 
man to the pig King (1937) stated that 
A albimanus ‘is considered to be by far 
the most important anophelme species m 
the Caribbean region being the predomi 
nant form m many parts of the area and a 
highly effective vector of malaria "While 
preferring fresh water breedmg places 
open to the sunlight it is also versatile m 
its habits since it may develop freely m 
brackish or salt water and in quite a variety 
of situations The unfortunate results of 
its introduction into new territory have 
been demonstrated m Barbados, where as 
reported by Seagar (1928) it was found for 
the first time in 1927, accompanied by a 
severe outbreak of malaria According to 
this report the island had previouslj been 
entirely free of anophelines and of malaria 
infections As indicated by Eunim m 
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also feeds on man (Hill 1934) Townsend 
(1934) thought it was probably nniinpor 
tant as a vector m Brazil From his stndies 
in Panama Rozeboom (1938a) coneladed 
‘A bachmanm can be infected with human 
malarial parasites but its preference for 
animal blood renders it harmless so far as 
malarial transmission in Panama is con 
eemed 

h urther studies of A bacAmann* will be 
required before its relative importance can 
be determined in the different regnma of its 
distribution 

18 Anopheles (Nyssorhynchus) dailingi 
Root 1926 

a Experimental infection Bennaroch 
(1928) in "V enezuela dissected 83 A dar 
Iwipi that had fed on a malarial patient of 
unknown type with negative results 
There are no records of its experimental 
infection with P xwax P falciparum or 
P malartae 

b Infection tn nature The high sus* 
eeptibility of A darlingi to natural infec 
tion IS indicated by the following results of 
dissection of wild mosquitoes caught in dif 
ferent regions 
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c Epidemiological Bennaroch (1931) 
reported that A darlingi nas the most 
prevalent anophelme during outbreaks of 
malaria in \ enezuela from May to Decern 
ber 1930 It is considered as one of the 
most important vectors in se\ eral countries 
including Brazil (Townsend 1934 De Be 
zerra 1936 Pereira Barretto 1938) and 


British Guiana Qigholi 1938a b) Komp 
(1940a) stated A darlingi is the most 
dangerous vector of malaria m Brazil ei 
cept the imported A gambuie and m 
British Guiana and Venezuela ” 

Ayrora Galcao and Pereira Barretta 
(1938) in Brazil described 4 types of eggs 
ofd darlingi v&T paultstensis 

The conclusion is that A darlingi is 
apparently an important and dangerous 
sector but it should be studied for the 
identification of races and subspecies to 
determine more exactly ita susceptibility to 
different species and strains of plasmodia 
In this connection the recent disco\ery of 
this species m Guatemala and British Hon 
duras is of special interest 

19 Anopheles (Nyssorhynchus) oswaldoi 

Peryassu 1922 

There are no data on experimental infeo 
tions and only inadequate epidemiological 
data The natural infections reported on 
A oswaldoi in Brazil by Boyd (1926) were 
later referred to by him (1930e) as m A 
tarttmaculafus The conclusion is that the 
relation of A oswaldoi to malaria has not 
been determined and should be investigated 
further 

20 Anopheles (Nyssorhynchus) strodei 

(Root, 1926) 

a Experimental infection Bennaroch 
(l')28) in Venezuela reported failure to 
find infection in 5 specimens fed on ma 
lanal parasites of undetermined tvpe 
P xivax Ayroza Galvao (1938) in 
Brazil reported the feeding of 4 A strodei 
on a earner of P viiax gametocytei and 
when dissected after 19 da 3 fs at 19-24 C 
and 67-88 per cent relative humidity two 
mosquitoes contained numerous mature 
oocytes in the stomach and sporozoites in 
the salivary glands There are no data for 
P falciporum and P malartae 
h Infection in nature Bennaroch (1928) 
failed to find natural infection in 22 A 
strodei dissected in Venezuela Ajroza 
Galvao (1938) reported that R Correa ex 
amuied 174 female A strodei taken in 
hoimes in Sao Paulo Brazil and found 2 
infected vnth oocysts in the stomach 
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the finding of oocysts in 6 of 27 ^ argyrx 
tarsis which had fed on a carrier of P fain 
parum gametocytes There are no data for 
P malanae 

h Infection in nature CoyeU (1927) 
doubts the record of Chagas (1904) natu 
rally infected A argyrttarsis quoted by 
Bojd as the identity of the species found 
infected bj him is uncertain ” Darling 
(1910) reported the finding of a single in 
fected specimen m Panama with sporozoites 
in the salivarj glands According to Earle 
(1936b) negative results ha\e been re 
ported by Stephens (1921) in Venezuela 
Boyd (1926) in Brazil Davis (1927) m 
Argentina and Bennaroeh (1928) in Vene 
zuela 

c Epidemiological According to Co\ell 
(1927) de Verteuil (192o) suspected A 
argyrttarsis to be an important carrier m 
Trinidad on epidemiological grounds Root 
(1926) notes that m Brazil this species is 
abundant m the plateau region where there 
IS little if an> malaria and that presumably 
it 13 not a veiy dangerous carrier of the dis* 
ease Davis (1926) however, considers it 
to be the principal sector in the construe 
tion camps in the mountains of the state of 
Bio Earle (1936b) commenting on A 
argyritarsis m Grenada stated “Nichols 
working in St Lmcia reported in 1912 that 
he found both A argyritarsis and A tarsi 
maculatus (he called the latter A albi 
jnanus) infected in nature and considered 
them of equal importance While most of 
the other evidence is to the contrary the 
results reported here from Grenada indi 
cate that A argyrttarsis might be a malaria 
tccior A small outbreak of malaria oc 
curred at Douglaston Grenada just before 
one of my visits and I was not able to find 
any A iarsimaculatus when I arrived 
Argyritarsis was present m moderate num 
bers There are certain hill sections sodi 
as that back of Santeurs which have been 
rather malarious and while A tarsimaeu 
lotus has been occasionally found there A 
argyritarsis has been the predominant spe 
cies As reported m this paper I was able 
to infect A argyritarsis readily in the labo- 
ratory The fact, however that it does not 


show a high preference for human blood 
and has never become abundant m these 
islands probably renders it unimportant as 
a malaria vector ” Giaquinto Mira (1936), 
in Guatemala observed that A argyritarsis 
is found in all locations where A albmanus 
exists but IS less abundant m the lowest 
altitudes He suggested that its importance 
as a vector probably is greater in the higher 
locations 

The information concerning A argyru 
tarsis appears to be inadequate to determme 
its relative importance as a malarial vector 

17 Anopheles (Nyssorhynchus) bach 
manm* Petroccbi 1925 
a Experimental infection Bennaroeh 
(1928) in Venezuela, dissected 2 specimens 
after they had fed on a patient with an 
unknown type of malaria with negative 
results 

P vivax Rozeboom (1935), in Panama, 
reported the infection of two groups of A 
backmanm with P vnax In the first 
group 3 of 7 mosquitoes were infected with 
oocysts and in the other 3 of 11 bad either 
oocysts or sporozoites It was concluded 
that this species \vas less susceptible than 
the A albtmanus used as controls 
P falciparum Bozeboom (1935) also re 
ported experiments with mosquitoes which 
undoubtedly were A backmanm and after 
feeding them on P falciparum gametocytes 
2 of 13 specimens were infected with 
oocjsts ID the stomach Seven of 14 A 
albtmanus controls were also infected 
There are no data for P malanae 
b Infection tn nature Bennaroeh 
(1928), m Venezuela dissected 75 A bach 
mannt with negative results Rozeboom 
(1938a) in Panama ezammed 3 specimens 
obtain^ from human dwellings and 320 
collected from pigs, and found none m 
fected 

e Epidemiological This species has 
been suspected as a malarial vector m Vene 
zuela On epidemiological grounds by Benna 
roch (1931) and precipitin tests done there 
show that while it prefers animal blood it 
I Name changed to A tnanniitatus bj Neira and 
Pioto 
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CONCLUaON 

la this chapter data hsTe beea presented 
which though incomplete serve to indicate 
the scope of our knowledge of the roles 
played by North American anophelmes in 
the transmission of malarial fevers Seven 
nearctic and 23 neotropical species have 
been included and in each instance 
Bideration has been given to the pnblished 
information concerning the relation of the 
mosquito to malaria as indicated by labora 
tory infections natural infections and epi 
demiological data Tables III and IV pro 
vide an mdex summarizing certain infer 
mation about the more important spiemes 
but they do not indicate the adequacy of the 
studies made of these species 
Considered as a whole the information 
now at hand fails to indicate the relative 


importance of all the anophelmes named 
Certain species believed to be the most im 
portant vectors such as A quadrimaculatus 
m the temperate zone and A alhxmanus m 
the tropics have been studied extensively 
while others have been neglected on the 
assumption that they are unimportant 
Even with the former group the experi 
mental information is somewhat restricted 
to investigations made in a few localities 
Thus it fails to indicate the relative sus 
ceptibibty of tbe different strains of the 
mosquito species to the different strains of 
malarial plasmodia which may be encoun 
tered m each of the various regions of its 
geographical distribution Finally much 
of the data collected is of questionable 
value because of the present confusion as to 
the identity of certain of the North Amen 
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The conclasjon is that A siradet will re 
quire further study to determine its rela 
tive importance m the transnussioa of 
malaria 

21 Anopheles (Nyssorhynchus) tarsi 
maculatus* Qoeldi 1906 

The confusion in the clasaifieation of A 
iarstmaculatus naturally creates doubt con 
cerning the earlier reports as to the sus 
ceptibility of this mosquito to infection with 
malaria 

a Experimental infection — P mmx 
According to the annual report of the 
Surgeon General of Trinidad (1934), speci 
mens of A tarsiniaculat\is previously sent 
to S P James m England were able to 
carry a Roumanian stram of P invax and 
were proved to be a “possible carrier” of 
P ovale 

P falciparum Darling (1910) in Pan 
ama fed 5 A tarsiniaculata on blood con 
taimng P falciparum and found 3 infected 
Bennaroch (1928) in Venezuela obtained 
negative results with 6 specimens Speci 
mens of A iarstmaculatus sent from T^nt 
dad to S P James in England, failed to 
carry a Roumanian strain of P falciparum 
Earle (1936b) in Grenada dissected 37 A 
iarstmaculatus which had fed on a human 
carrier of P falciparum, and found 6 in 
fected 

P malanae Darling (1910) m Panama, 
dissected one A tarsimaculata which had 
fed on a patient with quartan malaria with 
negative results Davis and Shannon 
(1928) also reported negative results with 
one mosquito 

6 Infection in nature Reports of infec 
tion in nature have been made by Boyd 
(1926) de Verteuil (1933) and Earle 
(1936b) Those prior to 1931 are listed by 
Covell (1927 1931b) 

e Epidemiological A larsimacalotitJ 
was formerly suspected as an important 
vector in Panama (Simmons et a! 1939) 
and the reduction m mcidence of malana 
at certain forts subsequent to the caualiza 
zation of nearby tidal swamps on the At 
lantic coast suggests that the salt water 
variety (A oguasaCis) may have been eon 

»A agtwjoli# (Eoieboom and Oabaldon) 


cerned De Verfenii (3933) concluded that 
A iarstmaculatus was the most important 
vector in Trmidad, and more recently de 
Verteuil and Spence (1937) stated that of 
the 13 species of auophelmes in Trinidad 
the only two that are important vectors are 
A iarstmaculatus Qoeldi and A hellator 
var crustt D & K Earle (1936b) stated 
that A tarsimaculatus was taken in houses 
preferred human blood and was the mam 
carrier in Grenada and St Lucia On the 
other hand, Giglioli (193Sa b) la Bntish 
Guiana, observed that A tarsimaculatus 
Goeldi IS relatively infrequent in bouses 
prefers to feed on animals and is prevalent 
m localities usually free from endemic ma 
lana Toumier (1937) reported that A 
iarstmaculatus Goeldi, which is apparently 
adapted to brackish water, is the only 
anophelme found m the coastal region of 
French Guiana and that it and A albtiarsts 
are the principal vectors 
In spite of the early confusion as to the 
identity of A iarstmaculatus (A aqua 
salts) the available evidence indicates that 
It IS probably an important vector of ma 
lana in many localities This species de 
serves further experimental study 

22 Anopheles (Kerteszia) bellator 
Dyar and Enab 1906 
There are no data of experimental infee 
tioD and the data for mfection m nature are 
inadequate but de Verteuil and Spence be 
lievethatA heHoforvar cruzi is a danger 
ous vector of malaria m Trinidad and that 
in native villages it is probably responsible 
for about 20 per cent of the malarial mor 
tality De Bezerra (1936), m Brazil re 
marked that A bellator var cru-ns thought 
to carry malaria though it has not been 
proved to do so m the lahoratorj This 
mosquito should be studied experimentally 

23 Anopheles (Kerteszia) neivai Howard 
Dyar and Enab 1917 
There are no data of experimental infec 
tion or of infection m nature and the epi 
demiological data are inadequate The con 
elusion is that A neitoi should be studied 
to determine its susceptibility to infection 
and its relation to malana 



CYCLICAL VARIATION IN THE INCIDENCE 
OF MALARIA 

By CHARLES F CRAIG 

BAH ANTOHIO fEZlS 


Cyclical variations in the incidence of 
the malarial fevers have been noted by 
practically all investigators since the etiol 
ogy of these fevers has been understood 
and long before we were acquainted with 
the malaria plasmodia writers upon the 
subjei-t called attention to the seasonal 
variations and the occurrence of epidemics 
of these fevers m regions usually free or in 
endemic centers These cyclical variations 
were noted to be of two types te of short 
amplitude or seasonal and of long ampli 
tuck 

Cyclical Vabutions or Soobt 
Amputtse 

Variations in incidence of short amph 
tude are usually called seasonal variations 
and occur to a greater or lesser extent in 
all malarial regions whether endemic or 
hyperendemic In the tropics these vana 
tions are connected with the rainy and dry 
seasons hut in temperate regions as the 
United States seasonal variations are con 
fined to certain periods in the year and 
depend upon the presence of temperatures 
favorable or unfavorable to the breedmg 
and development of the mosquitoes Irans 
mittmg the malarial infections or to the 
development of the malaria plasmodia 
within the transnuttmg mosquitoes Thus 
infections with P vwax the benign tertian 
plasmodium occur in the spring summer 
and autumn months in temperate regions 
while infections with P /iilcipantw the 
malignant tertian or estivo autumnal plas 
modium occur almost entirely m the sum 
mer and autumn One never observes an 
initial infection with P falciparum in tem 
perate regions much before the middle of 
June while the vast majority of such infec 
tions occur in the late summer and early 
fall The name estivo-autumnal is 


therefore truly descriptive of the occur 
reoce of this type of malsna m the southern 
parts of the United States where it is 
prevalent Cyclical variations in the m 
cidence of malaria of short amplitude occur 
yearly and in some localities are of short 
duration due to seasonal conditions en 
tirely 

Cycucal Varutions op Ixino 
AMPLirUDE 

Many malanologists m other countries 
have recorded cyclical variations in the in 
eidenee of malaria of long amplitude m 
which increases in the amount of mslana 
present have occurred at intervals of years 
but with fair regularity In the United 
States the only observer who has investi 
gated this subject is Faust (1933 19S9b) 
who has been able to show that such vana 
tioos occur in the mortality curve of ma 
laria in the southern states and pre 
sumably in the morbidity curve and that 
these long interval variations in the in 
cidence have been more or less regular m 
type 

Since 1930 Faust has reported yearly 
upon the malaria mortality in the southern 
states and his observations have demon 
stratedthat beginning in 1927 the malarial 
death rate rose slowly to a peak in 1928- 
1929 and then receded to a low point in 
1931-1932 In 1933 the mortality rate 
again rose quite sharply and then slowly 
leoeded until a low point was reached in 
1939 

While it IS admitted that mortality rates 
in malaria may not be an absolutely correct 
index of the incidence of these infections 
owing to the possibility of many mistaken 
diagnoses it is the only index that Faust 
could employ as the morbidity statistics of 
the malarial fevers in the southern states 
U1 
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can anophelmca and the poss\h\hty that 
various unrecognized species subspecies or 
varieties were formerly included under 
aueh specide names as A. tnocufipennts A 
eruaans A iarsimaculatus A pteudff 
puncltpennu etc 

Obviously mote exact methods are needed 
to determine the relative importance ot dif 
ferent anophelmes as vectors of malaria 
under all of Uie varied ctradiliona to be 
encountered in the different regions where 
the disease is endemic It appears that the 
development of such methods must depend 
primarily on the organwation of increased 
facilities for fundamental research m medi 
cal entomology and new techniques for 
appraising the effectiveness of anophelmes 
as \eelora 

Such a revised program must begin with 
the establishment of exact criteria for the 
differentiation and identification of the 
anopbeline species subspecies and varieties 
Surveys should be made to determine the 
relative prevalence breeding places and 
habvta of each kind of mosqmto at differ^t 
seasons in the various regions Their rda 
tion to malaria m each of j 
dionld be determined by carefully • 


trolled epidemiological and expwmental 
obsenalions which should msofaraspos 
atble be continued as a routine integral 
part of the local malarial control program 

In this connection it is believed that « 
continuous check on the progress of ma 
lartal control in a rontine entomological 
laboratory might be just as helpful are 
the bacteriological checks utihred routinely 
in detertnimng the efficiency of a water 
purification plant The information ob- 
tained might include the incidence of natu 
rally acquired infections m local anophe 
lines at different seasons of the year and the 
probable aoutcea of these infectsocs also 
changes in the susceptibility of local anoph 
elmes to infection with local and introduced 
atratna of plasmodia from time to time 
Such information collected over a period of 
years might throw light on some of 
explained fluctuations in malarial morbid 
and mortality 

In conclusion it is desired to reemphasize 
the belief that the development of more ade 
qnate fundamental knowledge concerning 
the anophelmes of North America should 
make it possible to more effectively control 
malaria m this continent 
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prevalence of these infections are caused 
by cyclical variations in the number of 
efScient mosquito transmitters depending 
upon conditions favorable to the breeding 
and development of these insects In the 
United States A quadnmaexdatus and A 
tnaculipenms are the mosquitoes most fre 
quently concerned in the transmission of 
malaria especially the former and veher 
ever these species are present provided 
human earners are also present malaria 
is more or less frequently encountered It 
15 probable that cyclical variations in the 
mcidence of malaria of both short and long 
amplitude are due to variations in the 
species of anophelme mosquitoes present 

The influence of the species of anophe 
Imea upon the incidence of malaria is atrik 
inglj illustrated bj the introduction of A 
gamliae mto Branl from Afnca as re 
corded by Barber (1940) This species is 
especially active as a transmitter of malana 
and Its breedug habits are such as to favor 
Its infection from man Since its mtrodue 
tion into Brazil it has spread rapidly and 
malaria has greatly increased in amount 
and has become epidemic m man> localities 
Its spread mto other countries of South 
America and even mto the United States 
is possible and would undoubtedly be ac 
companied by a great rise m malarial in 
cidence and Barber well says 

There u no douht thkt thii invaa on of ganttat 
threatens the Amencae mth a cataetiopbe in com 
parison ^ith which oidinarj peitilence conflagra 
tioo or even war are but imaU and temporary 
calamities Gamhuie 1 terally entera into the verj 
Teina of a country and may remain to plague it 
for centunea 

The numher of infective mosquitoes 
present in any locality other things bemg 
equal will determine the amount of ma 
laria there present It is not essential that 
a large percentage of anophelme mos 
quitoes be infective for even m regions 
where malaria is common the percentage 
of infective mosquitoes as determmed bv 
dissection has been found to vary between 
1 5 to 3 per cent but in hyperendemic areas 
the percentage is higher usually varymg 
between 6 and 10 per cent In the case of 
A gawthiae Barber (1940) found a sporo* 


zoite Tate of 30 5 per cent m a town m 
West Africa but the average for the sur 
ronndmg districts was onli 6 5 per cent 
In South America Barber found that the 
sporozoite rate of this species of mosquito 
varied from 27 per cent to 10 per cent 
according to the length of time the species 
had been transmittmg malaria m a par 
ticnlar locality 

The apparently low percentage of m 
fected mosquitoes in regions where there 
are many human earners of the plasmodia 
13 largely due to the fact that only a small 
percentage of mosquitoes biting a carrier 
becomes infected and because repeated 
feedings are usually necessary before the 
insect becomes infected Agam it has been 
shown that certam mdividuals are good 
infectors of mosquitoes while others seldom 
transmit the infection to mosquitoes so 
that the number of efBcient human carriers 
m any locality has much to do with the 
incidence of malana 
iligratxon The migration of non 
mmune individuals into a malarial region 
IS always followed by a nse in the inci 
dence and if such migrations occur at 
regular iAter\als we may have cyclical 
variations in incidence of both short and 
long amplitude depending upon the length 
of time between such migrations If effl 
cient human earners of malaria are pres 
ent the mosquitoes of the region will be 
infected and it follows that the arrival of 
large numbers of non immune individuals 
will be followed by the infection of many 
of them and a marked rise in the incidence 
of the malarial fevers in that locality 
After infancy and childhood the native 
population of such regions will have ae 
quired a considerable amount of premuni 
tion* and immunity so that symptoms are 
not frequently observed m the adult popu 
lation although mfants and children suffer 
markedly from these infections If a large 
number of individuals from regions free 
from malaria migrate into such a commu 
iln the present isstance premmution is em 
jAoyed to Ae goate a state o{ resistance eonterred 
by a rabstance or substances formed while a para 
a to is residing In the host and the resistance 
terminates with the disappearance of the germ. 
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were very unreliable until recently Tbc 
writer believes with Paust that the mor 
tahty statistics of malaria as kept by the 
various Boards of Health of the southern 
states, are of such accuracy that the de 
ductions based upon them are warranted 
and that two cyclical variations of long 
amplitude have occurred in the incidence 
of malaria in these states durmg the past 
15 j ears 

Causative Factobs 

The factors causing cyclical variations 
of short and long amplitude are many 
have to do both with the mosquitoes trans 
mittmg these infections and with the re 
cipient of the infection, t c man We are 
familiar with many of the factors causing 
cyclical variations of short amplitude but 
we know much less of those having to do 
with c) clical variations of long amplitude 

Faeiors operating on the vectors and 
parasites Of the many factors operative 
m causing cyclical variations m the lo 
oidence of malaria of short amplitude, 
climate and season are probably the most 
unportant not only in influencing tbe 
breeding and development of the transmit 
ting mosquitoes but also in affecting the 
growth and development of the malaria 
plasmodjs within tbe transmitting mos 
quitoes It has already been stated that in 
temperate regions as the United States 
malaria is most prevalent durmg tbe sum 
mer and fall months and least prevalent in 
the northern portions of the United States 
because of the colder climate which does 
not favor the breeding of anopbeline mos 
quitoes or if it does not mterfere with 
the breedmg of mosquitoes does prevent 
the development of the malaria plasmodis 
withm the mosquitoes 

The mfluence of temperature upon the 
development of the various species of 
malaria plasmodia in mosquitoes has long 
been known and each species of plasmodnun 
has an optimum temperature m which de 
velopment occurs most rapidly and com 
pletely Thus P vivax develops best in the 
mosquito at a temperature of about 25® C 
and the mosquito becomes infective in about 
eleven days P malanae develops best m 


the mosquito at a temperature of 22® C 
and the mosquito becomes infective m from 
18 to 21 days, while P falciparum com 
pletcs Its development m the mosquito best 
at a temperature of 30® C, and the mos- 
quito becomes infective in from 10 to 12 
days This relationship of temperature to 
the development of the plasmodia in the 
transmitting mosquitoes readily explains 
why infections with the latter species of 
plasmodtum occurs m temperate regions m 
the summer and early fall when the high 
est temperatures are present and are never 
oteerved as initial infections m the spring 
when temperatures are too low for success- 
ful development m the mosquito 
Humidity IS also of great importance in 
cyclical variations m malarial incidence 
If there is not sufficient humidity present 
tbe malaria plasmodia will not develop m 
mosquitoes and tbe nearer it is to satura 
tion the more rapid is the development in 
these insects Humidity also has a pro- 
found effect upon the breedmg and develop 
ment of the transmittmg mosquitoes and 
the amount and character of the rainfall 
very largely governs the number of 
anopbeline mosquitoes in any locality 
Thus although malaria is present through 
out the year m the tropics it is always 
greatest in mcidence during the latter por 
tion of tbe ramy season and immediately 
following that season and least prevalent 
daring the dry season, while m temperate 
regions as the United States these infec 
tions are most common m the summer and 
early fall when conditions as regards ram 
fall and temperature are most favorable 
The species of anopbeline mosquitoes 
present in any locality has much to do with 
cyclical variations Many species of anoph 
elmes do not transmit m^aria while others 
are either good or poor transmitters If 
species which are good transmitters are 
present » e , those in which the malaria 
plasmodia develop best and non immnnes 
are present in large numbers malaria will 
occur m epidemic form while if smaller 
numbers of infective mosquitoes are pres- 
ent and few non immunes malaria will be 
rarely observed Cyclical variations m the 
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In eomnion wiUi oth«T diseases 'wLicli re 
qnire an insect sector perhaps to the great 
est extent malaria is characteristically a 
disease of place The constant close asso 
elation of its regional prevalence with stUl 
water has been recorded by nninercrtis wnl 
ers daring the period of 2000 years which 
preceded Ross discovery of the definitive 
host of P{(um(3dtum The subsequent defi 
nitiOQ of the bionomics of the many species 
of Anopheles now permits rationalization 
of the occurrence of malaria as regards 
both time and place largely in terms of the 
natural history of the regional vector 
The density of the vector probably more 
than any other factor determines the rate 
of malaria transmission Therefore physio 
graphical factors which tend to produce an 
environment favorable to the propagation 
of a regional vector are of considerable m 
terest from an epidemiological standpoint 
The following discussion seeks to correlate 
the occurrence of malaria in several regions 
with certain physical factors Considera 
tion IS given chiefly to the influence of geo 
logical and topographical factors on the 
disposal of water with special reference to 
this influence on the propagation of the 
regional vector and to the influence of alti 
tude and of temperature on the prevalence 
of anophelism and malaria 

Anopheles quadrmaculatus and A moc 
alipennw are certainly the principal vec 
tors of malaria m the United States The 
SIX other representatives of this genus whwli 
occur m this country are of relatively little 
consequence from an epidemiological stand 
point 

East of the Rocky llountains A quadn- 
maculatus is chiefly if not whotlv te 


spoa&ibU for malaria transmiasion This 
mosqnito propagates m permanent or semi 
permanent collections of water under a 
wide variety of conditions Its optimum 
requirements are clear Stillwater partiallj 
shaded With a pH of about 7 0 and coo 
taming emergent vegetation and floating 
debris perceptible current gross pollution 
with sewage or industrial wastes and salin 
ity inhibit or prevent larval development 
The dimisisbed propagation of A guadn 
maeulafus in polluted streams is probably 
due either directly or indirectl} to the lack 
of dissolved oxygen m them Very little 
malaria is found associated with the brack 
ish water marshes along the coasts of the 
United States This probably indicates 
that A airopos which propagates in such 
places does not transmit malaria to a sig 
nificant extent While aquatic environ 
meats which approach the optimum for A 
quadnmacvlatus propagation occur prin 
apally m the Atlantic and Gulf coastal 
plains at an altitude less than 500 feet 
neither this mosquito nor malaria due to its 
presence are confined to this area A 
guadnmaculafus probably occurs through 
out the entire Southeastern United States 
whether or not it can be detected by usual 
means {Watson and Spam 1937) That 
this statement may apply also to the Cen 
tral and Northeastern states is attested by 
the recent occurrence of malaria in Ohio 
(Hoyt and Worden 1935) and New Jersey 
(Butts 1937) 

Altitude does not of itself inhibit propa 
gation of A quadnmaculatiis and malaria 
transmitted by it it l. the climatic and 
topi^apbic circumstances which are usu 
ally associated with high places In most 
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nity there ■will be a great increase in 
symptomatic malaria m both pre adult and 
adult new comers and severe epidemics of 
malaria may thus arise The bearing of 
immunity to the prevalence of the ma lartal 
fevers and its relation to malaria in the 
community is fully considered m the con 
tribution by Hackett (1937) 

Importation of exotic strains It has 
been conclusively demonstrated by numer 
ous observers that the premunition and 
immunity acquired after repeated attacks 
of malaria are limited to the species of 
malaria plasmodia infecting the individual 
and to certain strains of these species 
Thus premunition or immunity acquired 
to P vtvax IS largely moperative against 
P malartae, P falciparum or P ovale and 
vice versa Not only is this true bat both 
are limited to certain strains of the par 
ticular species of the plasmodmm ie to 
the strain with which the individual has 
been infected It follows therefore that 
if new species or strains of species of plas 
modia be introduced into a malarial region 
the inoidence of malaria will be raised be 
cause the inhabitants have no premunition 
or immunity to such species or strains of 
species Such an occurrence might explain 


cyclical variations of both short and long 
amplitude 

As an illustration of the effect of the 
mtrodnction of new species of malarial 
plasmodia into a locality the author may 
mention a personal observation demon 
strating its importance In the state of 
Connecticut in 1898 the only species of 
malanal plasmodmm present in a certam 
region was P vitu* and benign tertian 
malaria was endemic in the locality for 
many j ears After the end of the Spanish 
American War a company of the National 
Qnard from this locality, the men of which 
had been on duty m a southern camp where 
infections with P falciparum were numer 
ous returned to their homes Within a 
few weeks cases of infection with this plas 
modiom began to appear and before the 
end of autumn an epidemic of cstivo- 
autumnal malaria had occurred with a few 
fatal infections Thus m this locality 
where this type of malaria had never before 
occurred the importation of carriers of P 
falciparum in the Guard company men 
tioned durmg favorable climatic condi 
tions resulted in an epidemic of this for 
eign type of malaria among a non immune 
population 
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United States the Atlantic Coastal Plain ex 
tends from New England to the southern 
tip o£ Florida rising slowlj to the Appa 
lachian Highlands Beyond these moon 
tains he the Central Plains and Great 
Plains of the Middle West which extend 
to the Rocky Mountains the Western Pla 
teans and the Pacific Ranges The Qnif or 
Southern Coastal Plain borders the Gulf of 
Mexico and leads to the Ozark Plateau 
part of the Central Plains and tie Pied 
mont Plateau in the north (Fig 1) 

The regions richest in swamps and marges 
are for the most part located in the coastal 
plains Extensive natural breeding places 
for A quadrimaeulaius are in general re 
stncted to this lowland belt The Gulf 
Coastal Plain is greatly widened in the 
vicinity of the Mississippi River extending 
north in a pronounced emhayment to south 
em niiuois This area is a great alluvial 
plain covering SOOOOO square miles m 
which optimum conditions occur frequently 
for the propagation of A quadnmaeulatus 
Two topographical features encountered 
in the coastal plains namely meandering 
old age streams and solution topography 


described by Boyd and Ponton (1933) are 
chiefly responsible for the prevalence of 
malaria m this region 
When a surface has been cut by erosion 
and solution to an elevation only slightly 
above that of the master streams of a region 
the tributary streams flowing over the sur 
face are unable to cut their channels deeper 
Under th^e conditions the gradient of the 
tributary streams is lessened they become 
sluggish meandering across the flat surface 
in tortuous courses Save for periods of 
flood movement in these streams is slow 
and occasional pools may be almost stag 
nant In periods of drought movement of 
the water is often stopped and the stream 
may be conierted into a series of pools 
During flood periods these old age streams 
frequently take more direct rontes cutting 
across the necks of loops in their normal 
courses With the recession of the flood 
level semi circular ponds may be left where 
the former channel lay The river pur 
suing a new course through the cut off 
leaves residual ponds in the old channel 
which are called ox bows colloquially 
These ponds may be refilled during flood 
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instances malaria m mountainous sections 
of the Eastern United States is associated 
with artificial lakes since the terrain pre 
vents extensive natural collections of 
water A few cases of malaria have been 
found associated with Lake Norris since its 
impounding in 1936 The impounding of a 
small lake in Putnam County, Tennessee, 
caused an epidemic of malaria m 1925 
These situations are m the foothills of the 
Cumberland Mountains, at an altitude of 
about 1200 feet 


In general the distribution of A nwcult- 
pennis is more northern than A guadr*- 
maculatus although Hmman and Hurlbnt 
(1941) found both apeciea occurring to 
gether in Southern Ontario It is found 
principally West of the Rocky Mountains 
from Southern California to Alaska and 
Eastward through Canada to Northern 
Maine Its natural history, including its 
requirements for prolific propagation are 
quite similar to that for A quadrttnacu 
latus The larvae are found in permanent 
or semi permanent collections of water 
such as roadside pools, along the margin of 
lakes and in irrigated fields However, it 
accommodates itself better to the colder cli 
mates of high altitudes than does A quadn- 
maculatus It has been reported to occur 
in the Valley of Mexico at altitudes up to 
8000 feet (Bustamente 1939) Boyd 
(1940f) has observed malaria due to A 
macuhpennis near Reno, Nevada, at an 
altitude of 4000 feet 
Anopheles albimanus is the principal vec 
tor of malaria in the Greater Antilles 
Mexico and Central America at elevations 
less than 3000 feet This species exhibits a 
great adaptability to diverse environinental 
situations perhaps more than any other 
mosquito in North America While it pre 
fers stagnant water which is exposed to 
direct sunlight it may he found along the 


margins of flowing streams and in marshes 
containmg braekuh water Perhaps the 
greatest deterrent to its propagation is 
dense shade Its occurrence is not re 
stncted entirely to lowlands although in 
general it does not find favorable situations 
for propagation at altitudes considerably 
aboTC sea lesel It probably ntilires small 


temporary collections of water to a greater 
extent than does A quadrmaculatus, such 
as cattle tracks m seepage areas 

Anopheles iarsimaculatus occurs through 
out the Lesser Antilles and on the mainland 
from Nicaragua southward Its breedmg 
situations are like those of A alhimanus 
and It exhibits much of the same adaptabil 
ity of the latter mosquito to \arying con 
ditions While its breedmg places are usn 
ally found at sea level it may occur at 
altitudes up to 3000 feet (Root and An 
drews 1938) 

A pseudopuncttpennis occurs in the semi 
arid and and portions of tropical and sub 
tropical America from the Southwestern 
United States to Northern Argentina In 
the United States it is apparently not of 
much concern in the transmission of ma 
lana but in the highlands of Mexico and in 
Central America it is probably the pnn 
cipal vector The available evidence sug 
gesta that this species has at least two races 
or subspecies, the lowland form bemg rela 
tiveiy innocuous Its larvae are found in 
pooh m stream beds during the dry season 
in roadside ditches and m irrigated fields 
such as the rice fields of Mexico 

Until recently A darhngi was thought to 
occur only in Brazil but m the past two 
years has been found m various situations 
in Central America (Kumm 1940c) It is 
likely that it has a wider distribution than 
was believed formerlj This may be ac 
counted for by the fact that the morpholog 
ical characteristics of the adults are not 
unlike those of A argyritarsis and may 
have been mistaken for this mosquito or for 
other white footed species which occur m 
tropical America Its detached occurrence 
in British Honduras suggests importation 
(Boyd 1940f) Because of its remarkable 
potentialities as a malaria vector its occur 
rence anywhere is of considerable impor 
tance At the present time its distribution 
in Central America and the conditions un 
der which it is found have not been defined 
accurately 

Reoional Geologt and Topoorapht 
IN Relation to Endemic Malaria 

1 The United States In the eastern 
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the roof of a cave is sear the ground surface 
and 13 not supported by other rock forma 
tions It finally becomes so thm that it 
lapses from the weight of its overburden 
A depression results the size of which la 
determined principally by that of the 
cavern The depth may be little or as 
much as lOO feet the diameter may be a 
few feet or several hundred jards A re 
gion which is characterized by the presence 
of the e depressions is referred to as having 
a solution topographj (Fig 2) Be 
gions with little surface relief which are 
underlain with limestone offer the best 
opportunity for the development of aolution 
topography Tbej are usually covered by 
deposits of eUy which tend to bold ram 
water under hydrostatic pressure thus en 
ablmg it to take into solution more carbon 
dioxide 

The reUtionship between the bottom of a 
limesink depression and the ground water 
table and the nature of the region m which 
It occurred determine whether it will be 
filled with water of a permanent or aemi 
permanent character If the bottom of the 
depression lies well above the level of the 
ground water and vertical drainage is not 
obstructed aurf&ce water flowing into it 
may pass quickly into underground chan 
nels These conditions are seen frequently 
m eastern Kentucky m the Tennessee 
Valley Area in Eastern Tennessee and in 
southwestern Virginia In these places 
Iimesinis are common but because of ver 
tJcal drainage they rarely hold water for 
more than a day or two except during pe 
nods of heavy rainfall 

In situations where the surface run off 
carries fine clay from the top soil into the 
depression natural drainage may be im 
peded or prevented even though the bottom 
of the depression lies well above the water 
table Water filters through this clay very 
slowly and a pond forms which is mam 
tamed by normal ramfaU aUhtmgh Its level 
may recede considerably dnnng dry seasons 
^en the level of the natural dramage of 
a depression is the same as or below that 
of the ground water table a permanent 
pond is formed which is fed by the water 
table in addition to the surface run-off 


The size age and permanency of collec 
tions of water in limesinks determine the 
nature of the vegetation which thej con 
tain Permanent spring fed ponds of con 
aiderable size and age often support dense 
(;rowths of trees such as tupelo gum and 
cypress Nearly all of them contain at least 
marginfll growth of dense emergent vcge 
tation which consists of small trees and 
plants of various kinds The pH of their 
waters depends in part upon the vegetation 
the> contain In the Tennessee Valley re 
gion the waters are usually neutral or alka 
line although occasionally acid waters due 
to dissolved carbon dioxide ma> be encoun 
tcred In northern Florida southern Geor 
gia and Alabama small limesink ponds are 
sometimes acid u reaction due to the de 
composition of vegetable debris 

With the exception of propagation in col 
lections of water which have been produced 
artificially such as impounded water proj 
ects irrigation and water in excavations 
the production of A quadnmaculatvs is 
associated ptincipally with still water pro 
duced by the two topographic conditions 
described above Moreover it has been 
ehown that the foci of endemic malaria in 
the eoutbeastem Atlantic acaboard atates 
and south Alabama are also associated inti 
mately with these topographic conditions 
(Boyd and I onton 1933) They call ntten 
tion particularly to the occurrence of the 
most intense malaria in this region in the 
area lying between 100 and 500 feet above 
sea level 

These authors as well as Andrews (1939) 
mention another type of topography asso- 
ciated with Anophehs production and ma 
laria endemicity in the area which lies Jc&s 
than 100 feet above sea level They call this 
the sandy flat woods section and An 
draws says of this area m Georgia ‘ This 
land IS notable for its flatness and many 
of the water holding basins are man made 
borrow pita fed by flowing wells The ma 
jonty of these provide satisfactory condi 
tions for the production of A quadnmaeu~ 
latut " Naturally there ls a low incidence 
of malaria in the wmdy flat wood* sections 
Since the tree grown ponds and swampa 
contain accumnlations of vegetable matter 
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stages and may retain -water for a long time 
Such situations frequently form important 
breeding places for A quadnmnculatus 
Large streams with low gradients usuallj 
build flood plains on either side of their 
channels Flood plains are composed of 
materials which streams carry during pen 
ods of flood and deposit on the sides of their 
channels when their velocities retom to 
normal Most of the rners in the southeast 
em United States have formed flood plains 
which m the case of the larger streams such 
as the Mississippi and Tennessee Rivers 
may be several miles m -width During pe 
nods of flood often every spring the rivers 
may overflow their flood plains and the 
rapidly moving water may cut shallow 
channels m them These channels or 
chutes may hold watfr for long periods 
after the flood stage has subsided 
Even m years when no flood occurs these 
channels may be filled b> rainfall to form 
temporary ponds , and often they may com 
munieate -with a spring or a small stream 
whose course has been blocked so that a 
swamp IS formed The blockage of tribu 


tary streams by the formation of the flood 
plains is a common occurrence Even 
though the stream may find a new course 
into the river, its channel below the point 
of blockage may still communicate with the 
river and may be filled with stagnant water 
from It Situations of this sort are called 
sloughs ” 

As the principal streams approach the 
coast the land adjacent to them becomes 
flatter and more poorlv drained As a con 
sequence there is a tendency toward the 
formation of extensive swamps and marshes 
the latter tending to become brackish near 
the sea coast 

A considerable portion of the south 
eastern United States is underlaid by lime 
stone This mineral is subject to solution 
bv percolating ground water especially 
when the latter contains carbonic and 
humic acids As a consequence changes 
taka place in the limestone substrata which 
result in the formation of a characteristic 
topography In the early stages of the solu 
tiOQ of the limestone caves are formed which 
become larger with the passage of time If 
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deltas o£ Ijoth rtvers particularly m their 
loH-er portions Propagation also eccarred 
m isolated pools m the upper portions ot 
these rirers dnnng the dry season 

Since 1915 there has been a coospicnoos 
decline m malaria m Caltforoia dne to cm 
trol measures However most of the eases 
still ocear la these river valleja (Califoreia 
Department of Puhlic Health 1940) a! 
thoughmachof It M&ttrihuted to^ maeah 
penjtM propagation in irrigated fields in 
these districts 

A Tnaculip««RH finds suitable environ 
meats ior propagation risesvhere in Califor 
nia and in the Pacific Northwest (Stage and 
GjuUia 2935) la spnog and seepage water 
and along the grassy edges of permanent 
ponds and small lalea Webber (1920) re 
porta endemic malaria at an altitude of 
5482 feet However it appears that ma 
Isna and snophelum elsewhere than m the 
xjvar valleys named above are of relativelj 
little cosseciseBce 

2. ZIuico Ctairal America and the 
West fndtes The elevated plateau of cen 
tral hlezico is fiaoked os either side by a 
high chain of moustains the Sierra htadres 


which slope down to the Pacific Ocean on 
one aide and to the Gulf of Meueo oa the 
other The peninsula of Sonthern Cali 
forata is s eonlinuatioa of the Amenesn 
coast range while the peninsula of Yucatan 
IS composed entirely of low calcareous 
plains The central Mexican plateau 
reaches an elevation of 8(X)0 feet in the 
YJCmi^ of Mexico City its southward slope 
IS abrupt and its borthivard slope is very 
gradual River systems are scarce and 
much of the northern part of the eoaaSiy is 
and or semi and Breeding sites for the 
seiersl species of malaria vectors present 
in the country are spread widel)* and oc 
cur ID topography varying from the flat 
coastal plains to the high central plateau 
The basic topography of the Central 
Amenran countries is not uniform through 
out but a general low lying coastal plains 
rise to mountam ranges m the mterior 
Notable exceptions are the San Juan River 
and liake Nicaragua regions is the aouth 
era part of Nicaragua where a wide atrip 
of lowland cuts the mainland from the Mos 
quito Bank to the Pacific Ocean Large 
areas of swampland border the eastern 
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which are not flushed away by floods their 
water IS acid and deters 4 guadriTnaculatiu 
propagation This applies also to similar 
areas m South Carolina and Florida Scdu 
tion topography is not encountered to any 
great extent in these coastal low lands 

Malaria m the southern states adjacent to 
the Mississippi Elver is likewise not asso 
ciated to any great extent with limesink or 
solution topography In this region the 
malarious districts center around one or 
more large river sj’stems and occur espe 
cially along the flat alluvial valleys and 
fluvial swamps which follow the broad bed 
of the Mississippi The whole western bor 
der of Tennessee is subject to overflow, and 
the valleys of tributaries adjacent to the 
master stream may he flooded several times 
during the j ear Meleney Bishop and Eob 
erts (1929) point out that malaria m west- 
ern Tennessee is confined essentially to these 
flood plams and as such is a part of the 
malaria problem of the entire hlississippi 
delta In eastern Arkansas southeastern 
Missouri Mississippi, and Louisiana highly 
endemic malarious regions are centered 
along the St Francis TVhite, Arkansas 
Ouachita Red Yazoo and Mississippi Riv 
ers The broad alluvial plain between the 
Yazoo and Mississippi Rivers is responsible 
for a large part of the malaria m Mississippi 
(Barber and Komp 1929c) Numerous 
creeks and tributary streams of this region 
are sluggish and turbid during most of the 
year and “ox hows” are commonly formed 
as described previously Wooded swamps 
and spring fed ponds also occur along the 
eastern border of the delta and these pro 
vide breeding places for A quadnmacvlatus 

Fertile valleys in the eastern and south 
eastern ^arts of Oklahoma dramed chiefly 
by the Akansas River include most of the 
malarious counties of this state and the 
endemic centers m Texas are situated 
chiefly around the Eio Grande, Red and 
Sabme Rivera 

In southwestern Kentucky relatively mi 
nor endemic foci are found associated with 
the Ohio Mississippi Tennessee Cumber 
land and Blood Rivers 

Along the upper Mississippi and Missouri 


Rivers endemic foci or sporadic outbreaks 
of malaria have been reported recently, 
which are associated in part with im 
pounded water projects to provide better 
navigation facilities and for flood control 

In the glaciated region north of the Ohio 
River, lakes ponds swamps and marshes 
occur that were formerly associated with 
malaria The fact that this region is no 
longer malarious is due more to its social 
and economic development than to the ab 
sence of places for A qmdrimaeulatus 
propagation 

Most of the situations referred to pre 
viously are confined to sea level or near 
sea level elevations and the vector is A 
quadnmaculatus Quite a different topo 
graphical picture however, from any so far 
described isiound in the malarious districts 
of New Mexico and California Barber and 
Porbnch (1933) define three widely sepa 
rated regions of endemic malaria m New 
Mexico The first occurs in the valley of 
the San Juan River near Farmington at an 
elevation of 5300 feet Here A macvlx- 
penme breeds in large areas of swampy 
meadows and is considered to be the unpor 
tant vector although A psevkdopuncti- 
pennts is also present A second malarious 
district IS located in Rio Grande Valley in 
the vicinity of Hspanola at an elevation of 
5600 feet The third district is located in 
the southern part of the state near Las 
Cruces at 3800 feet in which drainage 
ditches and irrigation canals are the breed 
mg places Malaria in New Mexico then 
IS associated with high elevations irrigated 
river vidleys and the presence of A tnacuh 
pennts, a distmetly different epidemiolog 
ical picture from that of the Gulf and At 
lantic Coastal Plains 

In California malaria is transmitted by 
A maculipennts and has always occurred 
principally in the San Joaqum and Sacra 
mento River valleys which he between the 
coastal mountain ranges and the Sierras 
The San Joaqnm flows northward the 
Sacramento southward and they join each 
other near the coast to empty mto San I ran 
cisco Baj In former times the vector found 
breeding places in fluvial marshes of the 
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mann 1934) and the malana of this part of 
Mexico IS restricted to sea UtcI eosditions 
A wide variet> of climate and toposraphv 
are provided in the Central American coon 
tries of Guatemala Salvador Honduras 
Njcaragna Costa Rica and British Hon 
daras For the most part however the flat 
coastal plains which flank the Pacific Ocean 
and the Caribbean Sea provide the most 
suitable breeding places for anophehas vee 
tors chiefly A allmnanus llalana occims 
in the highlands of Guatemala at an alt) 
tude of 5000 feet (Eaynal 1932) where A 
pasudopuntitptnnis is the transmitter A 
albimanKs however adapts itself to alti 
tudes of SS60 feet or higher ta Guatemala 
(Jlira 1936) In a recent malaria snrvev 
of Costa Rica Is-umm and Ruis (1939b) 
demonstrate that the most important areas 
of malarial endemwity he in the coastal 
regions at elevations less than 1000 feet 
The aecompanymg maps (Figs 3 4 and 5) 
show the relationship of topography to the 
bneding areas of A olbmcntia and likewise 
to the endemic centers of malana A 
argyniarsu flourishes in the highlands but 
attains its meximum prevalence m places 
where malaria does not occur thus it w 


not considered to be an important trans 
nutter 

The malaria problem m Panama centers 
chiefly around j. albimanwi breeding sites 
provided bj fluvial and coastal marshes 
and by the low wet areas adjacent to the 
Chagres Rner The lake sjstems provided 
for the Panama Can^ serve as breeding 
places for ^ alhimaMiis particularly Gatim 
lake (Simmons et al 1939) 

The basic physiography of the islands 
included in the West Indies is essentially 
the same and for the most part the en 
demic centers of malaria are coastal The 
central portion of these islands is generally 
hilly or mountainous and it is in the coastU 
marshes end river beds that anophehne 
breeding occurs 

The coastal plains are often almost fist 
and their water tables are near the surface 
The rivers except for short periods of flood 
are sluggish and not infrequently tbeir 
mouths are blocked bj wave action These 
conditions make for poor drainage of the 
coastal lands and for the formation of 
marshes and swamps Seepage areas occur 
frequently and each pool of water however 
small becomes a potential breeding place 
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coasts of Nicaragua Hoaduras and British A psfiudopunehpennis peedminates (Hoff 
niaDal928) However 4 o{&;woa»foecura 
The latauds eomprismg: the Qfeatar and abundantly at least as fat north as Jjos 
tesaer Antilles of the West Indies repre Mochis (Boyd 19401) The highlands m the 
sent the suoitBiU of a submerged mountain central plateau are also spotted with ea 
eham Hilly regions of sanoos configure dejaic centers of malaria particularly in 
tioas occupy the interior of many of the the callej of Metico at an altitude of ap 
islands and coasttd plains border the sea proximately 8000 feet Two species of 
Ifalaria throughout the West Indies is auophelmes occur lu this region A pseudo 
cbieSy coastal m distribution^ racetj reach jntncfipcnnts and A macultpennis var OJ 
mg altitudes greater than 500 feet It is claimed that the latter is the 

It js important to note that regional vhief tranamitter in Xochimilco a short dis 
ranations in topography do not always lance from Meawo Citj (Bustamente 3939) 
eoatorza io the general conditions cited Tiw » probably the highest altitude in 
above Hirer rslleys seepage basins and North or Ceatr^ America where endemic 
sometimes wide areas of fiat country may malaria has been known to exist for a 3oDg 
be found ib the mtenor of many of the On period of time Clinical histones have been 
tral American countries and the West Indes obtained from this region smee 1875 (Bus 
These lo(^ deviations from the basic phvsi tamente) la the vicmity of Jlexjco City 

ogtaphy may provide abundant anopbelme there arc numerous lake beds and extensive 
breeding places (Kumra 1940c) awaxnp lands combined with abundant ram 

The lowlands adjacent to the Pacific fall at certain periods of the jear and an 
Ocean and the Qtdf of Mexico ate well average oieau temperature of approxi 
suited to the breeding of A ellmanvs mately 60® F in the spring and Bommer 
particularly along the eastern coast where On the peninsula of Yucatan the low 
It IS a dsflgeroua rector m the state of Vtia lying coastal marshes provide abundant 
Cruz (Hoffmann 1929b) On the west coast breeding places for A alhmonus (Hoff 
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mce of Onente on the most easterly part of 
the island is considered Here the malana 
problem occurs m areas less than 1000 feet 
above sea level ■where flat alluvial river 
vallejs provide hreedmg places for A olbi 
manus The greater part of Cuba except 
Onente has a solution topography How 
ever the general physiography favors 
drainage rather than stagnation of water 

Similarly in Jamaica (Bojd and Arts 
1929) small areas of high endemicity occur 
in the lowlands below 500 feet as shown m 
Fig 7 but the central plateau and moxtn 
tainous areas are relatively free from ma 
laria In the lowlands A albimanus is the 
dominant species and is regarded as the 
important malaria earner The accom 
panjing figures (Figs 6 7) show the rela 
tion between the topography of the island 
and the endemic centers of malaria 

On the island of Haiti A albtmtnus 
breeds m coastal swamps and springs near 
towns at elevations below 3000 feel ’ 
(Cook 1930) and so far as present records 
indicate malaria is restricted largely to the 
coastal region^ 

In Trinidad (de Verteuil 1933) and 



Grenada (Root and Andrews 1938) malana 
occurs m the coastal regions also but the 
pnncipal vector on these islands is A tarsi 
piaeulatus This species breeds m man 
grove swamps and m connection with small 
streams and rivers along the coastal low 
lands The hilly interiors are not ma 
larious 

The numerous other small islands located 
in the Lesser Antilles have not been sur 
ve>ed for the distribution of malana to any 
great extent but from the observations 
which have been made in other parts of the 
island chain it is probable that coastal ma 
laria predominates 

CLIMATOLOaiCAL FACTORS WHICH InFLTJ 
ENCB THE DiSTEIBUnON OP MaLARU. 

Aside from the more specific effects of 
regional topography on the distribution of 
malaria it is important to remember also 
that the disease occurs only within certain 
climatological limits In general the north 
ern and southern limits follow although not 
precisely the mean summer isothermal 
lines of 60 F (60 N to 40 S latitude) Dif 
fereot zones of malaria have been defined 
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for 4. alhimanus Since the coastal lands the coastal plain (Earle 1930a), although it 
ore most suitable* for agriculture there ts occasionally becomes epidemic in the foot 
a natural tendency for the rural population hills at the southern part of the island Ju 
to be concentrated near sea level, a combina elhmanus,A graihomaadA tesUUpennn 
tion of circumstances which favors the ai^ found on the island, and none of them 
transmission of malaria occurs in abundance abc»e an elevation of 

During the dry season some of the snr 600 feet In all regions wh're epidemics 
face collections of water may disappear have been investigated A albmanus has 
The (.urrent in the rivers becomes slower been the predominant anophelme found 
and anophelme vcctora mav propagate m It has a wide range of habits and breeds 
algal mats which form on the surface In well la both temporary and permanent 
the upper portions of the rivers particu waters in the lowlands (Earle li)30a) 

larlj m the dry season the running A complete malaria survey of Cuba has 
streams may give way to isolated pools and not yet been made, but is now in progre's 
in them anophelmes find suitable breeding under the direction of Henry P Carr In 
places the first detailed report of the work to date 

Sfalaria m Puerto Sico is most severe in (Carr Melendez end Eos 1940) the prov 
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mendjans and or semi and Thus the des- 
ert regions of Utah Arizona Nerada and 
New Mexico do not provide favorable sites 
for the propagation of mosquitoes unless 
of course manmade irrigation systems m 
terfere with the natural land conditions 
In the South easterly winds from the At 
lantic Ocean and Gulf of Mexico bring most 
of the southern states into the semi manne 
or semi tropical belts Bainfall in. this area 
generally exceeds 40 inches per jear (Pig 
10) 

Boyd and Ponton (1933) have shown that 
periods of excessive summer rainfall com 
cide with periods of increased malaria mor 
bidity In so far as generalization is per 
missible it may be said that when the season 
of highest temperature coincides with the 
season of greatest rainfall general condi 
tions for the transmission of malaria are 
most favorable Recent observations in 
the Tennessee Vallej indicate that prolific 
propagation of A quadrmaculaius occurs 
onl> during periods when mmimum water 
temperatures of 70 F are mamtained 
This coincides roughly with the period when 
the mean daily temperature is 70 P or 
higher High atmospheric humidity is con 
ducive to longevity of Anopheles and prob 
ably mfluences favorably the development 
of the exogenous development of Plas 
tnodium 

SUMMABT 

Malaria in the United States is confined 
largely to the Atlantic and Gulf Coastal 


Plains In this region it is transmitted by 
A quadrtmaeulatus which propagates m 
collections of water associated principallj 
with two types of topographj namely 

(1) Solution topography produced by 
erosion of limestone strata by percolatmg 
ground water Subterranean caverns are 
formed and these tend to collapse produe 
mg surface smkholes which often con 
tarn water and constitute suitable breedmg 
places for mosquitoes 

(2) Collections of water associated with 
meandering old age streams of the region 

Relativelv mmor endemic foci of malaria 
transmitted by A maeulipennts occur in 
the Southwest and along the Pacific Coast 
partieulariy m the San Joaquin and Sacra 
mento River valleys of California For the 
most part this malaria is due to A maeu 
Iipennts propagation in irrigation waters 
to a minor extent it is correlated with nat 
ur<il breeding places of this mosquito 

Malaria in the lowlands of tlexico Cen 
tral America and the West Indies is asso- 
ciated with the propagation of A albmanui 
and A (araimacula(»s These mosquitoes 
find breeding places in collections of water 
at altitudes less than 500 feet above sea 
level in the coastal plains of these places 
In the high lands of Mexico A psevdopune- 
lipennis and perhaps A macuiipetints are 
the vectors Their breedmg places are not 
associated with a particular topography but 
rather with collections of water for irnga 
tion 
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by James and Christophers (1922) and G»U 
(1938a) The former authors recognuft 
temperate sub tropical and tropical zones 
and the latter dnides the distribution of 
mslana into 4 zones as followa 


2oBe 

Meteorological 

cliaractenatiea 

Type 

Tem 

perate 

Temp 16-0 C dar 
mg fcotteaC laont&s 

R II 70 per cent or 

nolland 

Sub 

tropical 

Temp ®0- 5 C B 
H 50 per eeat or , 

6 Italy 

Tropical 

Temp ..5 C or more 

B H SO per cent or | 

N India 

Eqva 1 

Trmp 25 C B M j 

C^Ion 

tonal 

70 per cent or less 

(Wet Zone) 


Different epidetmological types of malaria 
exist IQ each of the rous^> defined endemic 
belts and eise^^here in this monograph 
these types are described 
According to OiU a classification there 
are seTen climatic zones of malaria m the 


two hemispheres A eingle type of malaria 
w not universally distributed throughout 
each zone ioircver since local topograph 
teal features (high altitudes la particular) 
nia> mhibit mosquito breeding Further 
more the presence of lai^e bodies of water 
or deep mountain rimmed vaUejs may af 
feet the temperature and humidity of but 
rounding regions and either fa%or or deter 
mosquito propagation 
Kamfali is another factor which la greatly 
affected bj regional topography And or 
setm and regions such as occur m the south 
trestera states and northern Mexico are the 
direct result of the Roebj Mountain and 
Pacific Coast ranges In the western United 
States the atmospheric drift from the Pa 
cific Ocean gives part of California Wash 
tngton and Oregon a marine climate with 
small annual or diurnal temperature 
changes In California most of the rsm 
fall occurs m the winter months The west 
era mountain ranges however precipitate 
most of the moisture brought from the Pa 
oiSc on their windward slopes making the 
great region between the 120th and KWth 
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anthropophiljc index or better human 
blood ratio and is admittedly unreliable if 
based on selected groups of insects found 
resting in particular situations such as bed 
rooms or stables 'wbicli may not be tepte 
sentatne of tbe anopbelme population at 
large Furthermore engorged insects of 
certain important species are impossible to 
find in sufficient numbers for an index since 
they disappear after feedmg Recent de 
velopments in technique (Haetett and 
Bates 1938) hare led to the cultivation of 
captive colonies of many anopheles mdud 
ing all the Palearctic \ectors and use of 
such material permits a more accurate de 
termination of instinctive host preferences 
The extent to irhich this supposed natn 
ral order of host preference may he altered 
by the local predominance of certam kinds 
of animal is not knoivn The devtahon of 
some anopheline species from man by do 
mestic animals has been considered tbe 
cause of tbe natural recession of malana 
from entire regions in Europe (Hackett 
193?) It seems Lkely that vnth vectors 
only vreakly attracted to man the presence 
of livestock may considerably reduce tbe 
transmission of malaria It is still a ques 
tioo -what tbe effect of an animal barrier is 
in the ease of a vector species vnth a strong 
attraction for human blood. (Hackett 
Bussell Scbarff and Senior 'White 1938 ) 
The terms anthrvpophilic (or andropbil 
ous) and eoophiltc have been loosely used 
to describe mosquitoes ^hich prefer human 
and animal blood respectively They arc 
perhaps useful words to indicate tendencies 
but they do not divide anopheles into 
groups because the same mosquito may 
have both characteristics it may prefer 
certain animals to man and man to certam 
other arnmals In fact this is usually the 
case even with dangerous vectors while 
zoophilic species such as A quadnma 
c«Ia<«s A philippmensts or A pseudo 
punctipenriK spread malaria by force of 
numbers even though man stands well down 
m the scale of piefeired hosts 

The transmission rate therefore which 
is of such fundamental importance to the 
community will depend as far as the anoph 


eline agent is concerned not only on the 
quanti^ of mosquitoes produced or the 
host parasite relationship within the insect 
but also in large measure on the degree of 
host relationship to man all these factors 
combmmg to determine the local efficiency 
of the species as a vector of malana 

The Sources or Infection 
The number and distribution of game 
toeyte carriers in the population are the 
resultant of another complex of factors 
which have not been found easy to analyze 
Malana is characteristically a carrier dis 
ease the true carrier being an individual 
with gametocytes m his circulating blood 
hence potentially infective to anopheles 
Every case however treated ordinarily be 
comes 8 carrier at one time or another It 
might be expected that the number of car 
ners would bear some fairly constant ratio 
to the incidence of the disease but there is 
a wide dispanty in reports from different 
regions For example in Egypt in un 
treated villages in 1939 we found that 
about 50 per cent of the positive thick film 
blood specimens from apparently healthy 
children showed gametocytes but Clark re 
ports from Panama that thick film blood 
examination of an infected community in 
an untreated area showed gametocytes pres 
ent in from 8 to 15 per cent of those carry 
iDg malarial parasites in their peripheral 
blood Such gross differences are due to 
tbe operation of a number of factors many 
of which we can identify although we may 
not understand their mode of action 
1 The effect of clinical attacks It is 
generally thought that gametocytes are not 
produced continually hut m waves asso- 
ciated with acute attacks Their produc 
tion vanes with the species of parasite 
with P wtax they closely parallel the at 
tack with P falctparum they follow it and 
persist with fluctuating numbers for some 
time and with P malanae their appear 
ance is delayed sometimes for months 
though they continue to turn np at irregu 
lar intervals for a long penod. However 
Sweilengrebel and his collaborators were 
impressed by the fact that in Holland cer 
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Tax "C-os* traportaat aspect of tsalana as 
It averts the httfsan eossEnaatr js its en- 
rfmiafy or degre* of pmaleate. This 
eoTf-s a mie rao^ of cuuufestatioBs, froa 
spo-adis oases to the hvpc'enderue etna 
Uon la irSueh levr pe*wss eseape mfectjoa- 
Bst ti* non mtensdr ealanoss 
ties di5e“ froa the l«s galanons ones in 
ao*e than the acre nnrsber of casaL "With 
inc-easag latenatv cow faclo*s interrene 
sach as fhar.ges la the ntahtr aad reiatrre 
p’traleaee of the differcit spetaes of eai 
lana paras e, the aecinsalation of cmed 
lafectwss and ohromc eases in tie popnla 
tJcn, and most laponast of alh a dert^op- 
mg gronp tolerance to the e?e<^ of the 
disease at a eertais height begins to 
altar the picture of calana is a radical 
■war 

Sinee the camre and growth of this re* 
sataaoe is aSeetad eonaderailr br the 
rscal csjspostioa of the popnUuon, the 
natxae cf the elirsata and snch an issoa 
stant factor as the retire prcralence of 
th* plassodial rpecies, malaria assumes a 
particalar expression in each eommaitr 
■which is the fnnetion of a great taanr ran 
ables. Nevertheless, it tates its essenual 
character froa the raft of trsnimunoB 
which IS the freqnenev with which its m 
habitants are bitten br mfeetiTe anaphdes 
— techaieaUr the ansaber of lafectire bites 
per 103 persons per tcait of tine. The fro- 
qncsfr cf laoenlation ■will endeatlr depend 
on th® wmbers of the OMp^tUne vez on 
end of their warces of lafeetioii, the scvu- 
foeyte esmert za the popnlatjoa. 

The Akofrewse Fac-oz 

The eScener o' the local anopheles as 
recto’s cf inalana depends not ohlr oa 
their qnantitv but cn ether faeters of great 
Importance such as their nsceptibiiT to 

ElfKtiiis, thejt locsmtv tiKj tales o£ 


prevaJeaee in relation to the penodintv o' 
the local plassodia, the aecessibaiTT of 
their hosts, the rapiditv of passage and 
hence th« ntahtr t>l tie isalaml oygan^sa, 
emnronEiental conditions such as ertmses 
of temperature and hnmiditr and nanv 
ficeondarr circnmstanees ■which tedamee 
the host parsate relationship bat which 
fall ontsde the scope cf this paper 
More uapertant than anr of these, to ■the 
human connnnmtr m the degree to which 
the local anephdes resort to can for food. 
Anopheles in general obtain their blood 
tseais from a snde ranetr of soottes, but 
It has been ob&'rred that anr one specie* 
appears to bare a range of prtferrti ^otU 
not neeessarilr the aatie from pUee to 
place, in the preseaee of ■which it ignores 
other aecesxihlesonrees of blood. Manor 
or car not be indnded in this preferred 
group If not, tie anophele are hannless, 
regardless of iheir umbers, as shown by 
the racercas calanafree areas which 
prodnre anopheles m 'vanetv and abnn 
dance. If on the other hand, nan is the 
hott of predStehoti calarai will be ertra 
ordinarily s^re and spare no one in the 
eocnnmtr as seen througboat lie range 
of A. ssmita* in Africa and in the reeoitlr 
invaded area of northeastern BrariL Be- 
tween these two ertreaes fall tie other 200 
odd epecHS of anopheles^ and the extent to 
which each acts as a vector is closelr bound 
op with the d^ree of its kett rtlaiionskfp 
toman. 

'Onr tnowledge of the degree of contact 
of the vsnons apecies with nan "was basrf, 
before 1930 on the place cf eaptnre and 
the pervent^e of females foond infected 
in siatnt*. later the precipitin test as 
taodiScd br Bice and Barber (1935) per 
rutted the dcteimmation of the proportion 
of insects -whidi give a posative reaction for 
hnmaa blood. This has been termed the 
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anthropophibc index or better human 
llood ratio and is admittedly unreliable if 
based on selected groups of insects found 
resting in particular situations such as bed 
rooms or stables 'whieb may not be repte 
sentatire of the anopheline population at 
large Furthermore engorged insects of 
certain important species are imposstUe to 
find in sufScient numbers for an index since 
they disappear after feeding Recent de 
velopments in. technique (Hactett and 
Bates 1938) have led to the cultivation of 
captiie colonies of many anopheles inclnd 
mg all the Palearctic vectors and use of 
such material permits a more accurate de 
termination of instinctive host preferences 
The extent to which this supposed natu 
ral order of host preference may be altered 
by the local predominance of certain kinds 
of animal is not known The devuitwn of 
some anopheline species from man by do- 
mestic animals has been considered tbe 
cause of the natural ’ recession of malaria 
from entire regions in Europe (Hackett 
1937) It seems likely that with vectors 
only weakly attracted to man the presence 
of livestock may considerably reduce tbe 
transmission of malaria It is stdl a ques 
tion what the effect of an animal barrier is 
in the case of a vector species with a strong 
attraction for human blood (Hackett 
Bussell Scharff and Senior "White 1938 ) 
The terms anthropophilw (or androphil 
ous) and oophUtc have been loosely used 
to describe mosquitoes which prefer human 
and animal blood respectively They are 
perhaps useful words to indicate tendencies 
but they do not divide anopheles into 
groups because the same mosquito may 
have both characteristics it may prefer 
certam animals to man and man to certain 
other ammals In fact this is nsua'Qy tiie 
case even with dangerous vectors while 
soophilic species such as A quadrtma 
eulatu$ A philippinensis or A pseudo 
puncftpennts spread malaria by force of 
numbers even though man stands well down 
m the scale of prefeTied hosts 

The transmission rate therefore which 
is of such fundamental importance to the 
community will depend as far as the anoph 


dine agent is concerned not only on the 
qnanb^ of mosquitoes produced or the 
host parasite relationship within the insect 
but also in large measure on the degree of 
host relationship to man all these factors 
combining to determine the local efBeienoy 
of the species as a vector of malaria 

The Sodsces op Infection 
The number and distribution of game 
tocyte carriers in the population are the 
resultant of another complex of factors 
which have not been found easy to analyze 
Malaria is characteristically a earner dis 
ease the true carrier being an individual 
with gametocytes in his circulating blood 
hence potentially infective to anopheles 
Every case however treated ordinarily be 
comes a carrier at one time or another It 
might be expected that the number of car 
riers would bear some fairly constant ratio 
to tbe incidence of the disease but there is 
a wide disparity in reports from different 
regions For example is Egypt in un 
treated villages m 1939 we found that 
about SO per cent of the positive thick film 
blood specimens from apparently healthy 
children showed gametocytes but Clark re 
ports from Panama that thick film blood 
examination of an infected community m 
an untreated area showed gametocytes pres- 
ent in from 8 to 15 per cent of those carry 
ing malarial parasites m their peripheral 
blood Such gross differences are due to 
the operation of a number of factors many 
of which we can identify although we may 
not understand their mode of action 

1 The effect of chmcal attacks It is 
generaDy thought that gametocytes are not 
produced continually but m waves asso- 
ciated with acute attacks. Their produc 
tion varies with the species of parasite 
with P vtiax they closely parallel the at 
tack with P falciparum they follow it and 
persist with fluctuating numbers for some 
time and with P malanae their appear 
ance is delayed sometimes for months 
though they continue to turn up at irregu 
lar intervals for a long period However 
Swellengrebel and his collaborators were 
impressed by the fact that m Holland cer 
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The most important aspect of malana as 
it affects the human community is its «»- 
demtctiy or degree of preiaJence This 
covers a wide range of manifestations from 
sporadic cases to the hyperendemie eilna 
tion in which few persons escape infection 
But the more intenseJy malarious communi 
ties differ from the less malarwua ones m 
more than the mere number of cases "With 
increasing intensitj new factors mtenene 
such as changes m the vitality and relative 
prevalence of the different species of ma 
lana parasite the accumulation of znued 
infections and chronic cases m the popula 
tion and most important of all a develop 
ing group tolerance to the effects of the 
disease which at a certain height begins to 
alter the picture of malana in a radical 
way 

Since the nature and growth of this re 
sistance la affected considerably by the 
racial composition of the population the 
nature of the clsmate and such an incon 
slant factor as the relative prevaleace of 
the plasmodial species malaria assumes a 
particular expression in each commanity 
which is the function of a great many van 
ables Nevertheless it takes its essential 
character from the rate of transmtsstan 
which IS the frequency with which its in 
habitants are bitten by infective anopheles 
— technically the number of infective bites 
per 100 pcrsoiK per unit of tune The fre 
qucncy of inoculation will evidently depend 
on the numbers of the anophehne vectors 
and of their sources of infection the gavte 
iocyte earners in the population 

The Anopbeune Factor 

The efficiency of the local anopheles as 
vectors of malaria depends not only on 
their quantity but on other factors of great 
unportance such as their susceptibility to 
infection their longevity their season of 


prevalence m relation to the periodicity of 
the local plasmodia the aceessibilitj of 
their hosts the rapidity of passage and 
hence the vitality of the malarial organism 
environmental conditions such as extremes 
of temperature and humidity, and many 
secondary circumstances which influence 
the host parasite relationship but which 
fall outside the scope of this paper 
More important than any of these to the 
human community, is the degree to which 
the local anopheles resort to man for food 
Anopheles in general obtain their Wood 
meals from a wide variety of sources hut 
it has been observed that any one species 
appears to have a range of preferred hosts, 
not necessarily the same from place to 
place in the presence of which it ignores 
other accessible sources of blood Mas may 
or may not be ineloded in this preferred 
group If not the anopheles are harmless 
regardless of their numbers as shown by 
the numerous malaria free areas which 
produce anopheles ui varietj and abun 
dance If on the other hand man is the 
hott of preditection, malaria will be extra 
ordinarily severe and spare no one m the 
community as seen throughout the range 
of A. ganibiae in Africa and m the recently 
invaded area of northeastern Brasil Be 
tween these two extremes fall the other 200 
odd species of anopheles and the extent to 
which each acta as a vector vs closely hound 
up with the degree of its host relationskip 
to man 

'Our knowledge of the d^ee of contact 
of the various Bpsaes with man was based 
before 1S30 on the place of capture and 
the percentage of females found infected 
in nature Later the precipitin test as 
modifled by Kiee and Barber (1935) per 
nutted the determination of the proportion 
of insects which give a positive reaeticm for 
human blood This has been termed the 
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ftnthropophiljc index or better human 
blood ratio and is admittedlj unreliable if 
based on selected groups of insects fonnd 
resting in particular situatioM sueli as bed 
rooms or stables which ina 7 not be repre 
sentative of the anopheline population at 
large Furtliennore engorged insects of 
certain important species are impossible to 
find in sufficient numbers for an index sinee 
they disappear after feeding Recent de 
velopments in technique (Hacbett and 
Bates 1938) have led to the cultivation of 
captiie colonies of many anopheles inclad 
mg all the Palearctic vectors and use of 
such material permits a more accurate de 
termmation of instinctive host preferences 
The extent to which this supposed natu 
ral order of host preference may be altered 
by the local predominance of certain kinds 
of animal is not known The devtatton of 
some anopheline species from man by do- 
mestic animals has been considered the 
cause of the natural recession of malaria 
from entire regions in Europe (Hackett 
1987) It seems likely that with vectors 
only weakly attracted to man the presence 
of livestock may considerably reduce the 
transmission of malaria It is stdl a ques 
tion what the effect of an animal barrier is 
m the case of a vector species with a strong 
attraction for human blood (Hackett 
Russell Scharff and Senior "White 1933 ) 
The terms anthropophdic (or androphil 
ous) and zoophUxc have been loosely used 
to describe mosquitoes which prefer human 
and animal Wood respectively Thq' arc 
perhaps useful words to indicate tendencies 
but they do not divide anopheles into 
groups because the same mosquito may 
have both characteristics it may prefer 
certam animals to man, and man to certain 
other animals In fact this is usually the 
case even with dangerous vectors while 
zoophilic species such as A. quadnma 
c«Iaf«s A philippinensis or A pseudo 
punetipennis spread malaria by force of 
numbers even though man stands well down 
in the scale of preferred hosts 
The transmssion rate therefore which 
IS of such fundamental importance to the 
community will depend as far as the anoph 


dine agent is concerned not only on the 
quantify of mosquitoes produced or the 
host parasite relationship within the insect 
but also m large measure on the degree of 
host relationship to man all these factors 
eombmiQg to determine the local efficiency 
of the species as a vector of malaria 

The Sources op Infection 
The nnmber and distribution of game 
toeyte carriers m the population are the 
resultant of another complex of factors 
which have not been found easy to analyze 
Malaria is charactensticaUy a earner dis 
ease the true earner being an individual 
with gametocytes in his circulating blood 
hence potentially infective to anopheles 
Every case however treated ordinarily be 
comes a earner at one tune or another It 
might be expected that the number of car 
nera would bear some fairly constant ratio 
to the iDcidesce of the disease but there is 
a wide dispanfy in reports from different 
regions For example in Egypt in un 
treated villages in 1939 we found that 
about SO per cent of the positive thick film 
blood specimens from apparently healthy 
children showed gametocytes but Clark re 
ports from Panama that thick film blood 
examination of an infected community in 
an untreated area showed gametocytes pres 
ent in from 8 to 15 per cent of those carry 
mg malanal parasites m their peripheral 
blood Such gross differences are due to 
the operation of a number of factors many 
of which we can identify although we may 
not nnderstand their mode of action 

1 The effect of dinicaZ attacks It is 
generally thought that gametocytes are not 
prodneed continually but m waves asso- 
ciated with acute attacks. Their produc 
tion vanes with the species of parasite 
•with P vnaz they closely parallel the at 
tack with P falciparum they follow it and 
persist with fluctuatmg numbers for some 
time and 'with P malanae their appear 
anee is delayed sometimes for months 
though they continue to turn up at irrcgu 
lar intervids for a long period However 
SweUengrebel and his collaborators were 
impressed by the fact that m Holland cer 
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tarn families continued to be foci of anoplie 
line infection {vwax) for at least two sue 
cessive autumns without the occurrence of 
fresh cases of malaria Later they noted 
(1937) that children as often as not became 
earners without a fresh attack but adults 
usually were not good infeetors without a 
recent history of acute symptoms 

2 The effect of season and environment 
In the community gametocyte earners are 
most numerous during and after an epi 
demic or at the height of the transmission 
season A survey at these times will not 
give the same information as an mterepi 
demic survey or one which includes febrile 
cases as one based on apparently healthy 
carriers The picture also changes with 
the season for other and more mysterious 
reasons due to the long term relapses of 
P vnax m spring the dominance of fata 
parum in summer and fall and the persis- 
tence of ntalanae into the winter Seven 
patients infected simultaneously with P 
falciparum and P vivax by Boyd and 
Kitchen all had initial attacks character 
istic of P falciparum but three relapsed 
m the following spring with P tivax 

Gill (1938a) has proposed the theory that 
there may he environmental causes (pos 
sibly climatic or solar in origin) which op 
erate periodically (m endemic regions) to 
produce waves of relapses which thus tend 
to occur simultaneously over great areas 
and stimulate gametocyte production on a 
large scale as the prelude not the result 
of epidemic outbreaks of the disease "We 
know nothing about this except from rather 
ambiguous epidemiological evidence 

3 The effect of immunity A growing 
immunity represses gametocyte produc 
tion it does not stimulate it Gametocytes 
are found earlier in relapses but they are 
more constant and abundant in primary 
attacks and dimmish in number with each 
recurrence of symptoms and parasites In 
the tropics where immunity is more rapidly 
and permanently established in the first 
decade of life than m temperate climates 
It is usual to find the gametocytes under 
more stringent control than the tropbozo 
jtes. Thomson found m native children of 


Nyasaland that while all forms of P iivax 
and P malanae had virtually disappeared 
from the circulation by the age of nine all 
the children continued to show ring forms 
of P falciparum although no gametocytes 
of any fcmd were to he found 
In a temperate climate with a veiy high 
transmission rate and a long summer the 
effect of immunity on P vitai infections is 
almost as stnkmg as in the tropics smee 
the tolerance is more rapidly acquired and 
sunuvea the winter pause more easily than 
in the ease of P falciparum Thus m a 
village in Sardinia Missiroli found three 
quarters of the infants infected with P 
ttiax jn the fall but only one third of the 
preschool group (2-5 years) and about a 
Sixteenth of the older persons P ttvax 
infections began to give way to P falci- 
parum during school age There were 
twenty times as many tiior gametocytes in 
the school children as m the adults and 
twice as many P falciparum gametocytes 
(Eacfcett 1937) 

4 The effect of diversify of species and 
strains of the porosife Each species of 
plasmodium has its own charactensUc out 
pot of gametocytes In Egypt we found 
twice as many camera m the P falciparum 
cases as in the P viiax cases at all levels 
of intensity and in all seasons A high 
inoculation rate will increase the P fatci 
parum carriers at the expense of the other 
two species while a low transmission favors 
P vtvax and P malanae In towns in 
Algiers after a whole year m which ex 
traordinaiy climatic conditions prevented 
anophelme breeding Parrot and Catanei 
found the following situation 

GanietMTte earners in P falex- 
ponrn poertiT^s 5 per eent 

Oametoejte eamere m P two* 
poutires 

GauetoCTte camera in P tTioIorvK 
ptmlires 04 

Old cases of P falciparum infection are 
the least likely and old cases of P malanae 
infection the most likely to remain foci of 
anophelme infection 

An important point in connection with 
a diversity of strains and species is that 
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there is relatively little cross immumty 
among them An individual would soon 
become completely immune to any one or 
ganism with which he might be eonstantlj 
reinfected but each new strain like a new 
species finds the host defenceless and mill 
ates a tram of events culminating m an 
acute attack and a period of gametocyte 
production 

5 The effect of age and exposure Since 
immunity is developed by exposure except 
in verj young infants it has nothing really 
to do with age but only with number and 
frequency of infections A high inocola 
tion rate tends to concentrate the persistent 
and dangerous carriers m the earlier age 
groups D B Wilson (1939) in a senes 
of important papers on malaria in East 
Africa describes such a situation among 
the Bantu in Tanganyika who Uve in an 
area of high endemicity All the babies 
are infected before they are S months old 
and the period of acute infestation lasts 
about 18 months There is little danger to 
life after 6 months Qametocytes reaeb 
their height at the end of the second year 
and are seldom seen in adults There are 
all gradations between snch a situation and 
areas of sporadic malaria with no measur 
able immunity at all In rural districts of 
Kenya 29 per cent of the natives under 10 
years of age were gametocyte earners but 
less than 2 per cent of the rest while Clark 
and Eomp in Panama with a less estab 
lished immunity found 41 per cent of the 
children carriers and 29 per cent of the 
adults 

In very young babies there appears to be 
a resistance to infection derived possibly 
from the mother Clark (1937) found m 
Panama that infants enjoyed almost com 
plete protection in the &st two months of 
life although even more exposed to mos 
quito bites than adults Strickland Sen 
Gupta and hlazutndar observed in India 
that the average age of infants at the first 
attack was from 3 to 4 months depending 
on the season while Barber Mandekos and 
Rice found in Macedonia that older infants 
were more susceptible to infection *>>■" 
younger ones. 


6 The effect of treatment None of the 
drugs now at our disposal is able to prevent 
malana from relapsing or the appearance 
of gametocytes We can possibly cut down 
the number of relapses somewhat but never 
snfBcienUy to protect a community from 
continoal reinfection Even small groups 
under discipline cannot be sterilized Ciuca 
found that neither quinine nor atabnne 
prevented the appearance of gametocytes 
m as many as 149 out of 269 cases of in 
duced P falciparum infections m hospital 
Simmons (1939a) reports that in Panama 
more than 20 per cent of soldiers receiving 
the standard treatment of quinine followed 
by 15 grams daily for 3 months became 
earners while stUl taking the drug Bis 
pham claims that with suitable atabnne 
treatment over 90 per cent of P tiiax car 
nets can be cleared of parasites His ex 
peneoce was confined to encampments of 
>ouDg men while communities with cbil 
dren and babies are quite another problem 
Even so the clearing of only 90 per cent of 
parasites would hardly be adequate protec 
tion for a community Barber Rice and 
Mandekos present proof that both in the 
Balkans and in Liberia even one heavy 
earner in a village could raise the sporoso* 
ite index of the anopheles and cause a not 
able increase in transmission 
Neither in Spam nor Holland where the 
malaria is principally a mild tertian nor 
IQ Sardinia or the Balkans where the ma 
laria is severe nor in Panama where the 
climate is tropical and infection goes on the 
year round have the most intensive and 
persistent treatment campaigns been able 
to destroy the seedbed of the disease 
7 The effect of race The subject of 
carriers is complicated m many regions 
such as Panama Africa and the Southern 
United States by the presence of a mixture 
of races Negroes have a notable tolerance 
for P viiaz infections and while they are 
susceptible to P falciparum and P ma 
lartae the clinical course of the disease is 
milder than in the white race In the 
southern states the white children have 
more P tiiaz parasites and the negro ehil 
dren more P falciparum Thus m the 
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tarn families coiituined to he foci of aaoplte* 
line infection {vivax) for at least two snc 
cessive antnmns withont the occorrenee of 
fresh cases of znalana Later they noted 
(1937) that chDdren as often as not became 
earners without a fresh attack, but adults 
usually were not good mfectors withont a 
recent history of acute symptoms 

2 The effect of season and enuronment 
In the communitv gametocyte earners are 
most numerous dormg and after an epi 
demic or at the height of the transmission 
season. A surrey at these tunes will not 
give the same information as an interepi 
demic survey or one which includes febrile 
cases as one based on apparently healthy 
earners The picture also changes with 
the season for other and more mystenons 
reasons dne to the long term relapses of 
P vxtax m spring the dominance of faUt- 
Pttrum in summer and fall and the persis- 
tence of malcnae into the winter Seven 
patients infected simultaneously with P 
faleiparum and P max by Bord and 
Kitchen all had initial attacks character 
Ktic oi P faletparum, but three relapsed 
in the following spring with P vttax 

Gill (1938a) has proposed the theory that 
there may be environmental causes {pos- 
sibly climatic or solar m ongin) which op- 
erate periodically (in endemic regions) to 
produce waves of relapses which thus tend 
to occur simultaneously over great areas 
and stimulate gametoeg^ production on a 
large scale as the prelude, not the result 
of epidemic outbreaks of the disease "We 
know nothing about this except from rather 
ambiguous epidemiological evidence 

3 The effect of immunity A growing 
immunity represses gametoc^'te prodoc 
tion it does not stunnlate it. Gametocytes 
are found earlier in relapses, but they are 
more constant and abundant in primary 
attacks and dimmish m number with each 
recurrence of symptoms and parasites. In 
the tropics where immunity is more rapidly 
and permanently established in the first 
decade of life than m temperate climates 
It IS usual to find the gametocytes under 
more stnngent control than the trophozo- 
ites. Thomson found m native chfidren of 


Hyasaland that, srhUe all fonns of P max 
and P malanae had virtually disappeared 
from the circulation by the age of nin<* all 
the children continued to show nng forms 
of P faletparum although no gametocytes 
of any kind were to be found. 

In a temperate climate with a very high 
transmission rate and a long summer the 
effect of immunity on P max infections is 
almost as striking as in the tropics, since 
the tolerance is more rapidly acquired and 
survives the winter pause more easDy than 
in the case of P falciparum Thus in a 
village ID Sardinia llLsiroli found three 
quarters of the infants infected with P 
tttox m the fall but only one third of th** 
pres bool group (2-5 years) and about a 
sixteenth of the older persons. P ntor 
infections began to give way to P falet- 
parum during school age There were 
twenty times as many max gameto^Ttes m 
the school chfidren as to the adol^ and 
twice a.s many P faletparum gametocytes 
(Hackett 1S37) 

A The effect of dnerstty of speeus and 
stratns of the parasite Each specif ol 
plasmodium ha.s ita own characteristic out- 
put of gametocytes In Egypt we found 
twice as many camera in the P faUtpann 
eases as in the P titaa; cases at all levds 
of intensity and in all seasons. A high 
inoculation rate will increase the P falet- 
parum camera at the expense of tlie oth^r 
two species while a low transmission favors 
P tnax and P malartae In towns m 
Algiers after a whole year m which ex 
traordinary climatic conditions jirevcnted 
anophelin*’ breeding Parrot and Catanei 
found the following situation 

Gameto^rle eamen a P JelA- 
yortn pofitrrei 5 eesA 

GaisetoeTte eanvri ia P wor 
pontiTca ^ 

OametocTte eamcri in P 
posiUrn W * 

Old cases of P faletparum infection are 
the least likely and old cas^ of P malarvie 
infection the most likely to re m am foa of 
anopheline infection. 

An important point in connection with 
a diversity of strains and species is that 



MALARIA AND THE COMMUNITY 


151 


there is relativelj little cross u nm iiD i ty 
among them An individual would soon 
become completely immune to any one or 
ganism with which he might be constantly 
reinfected but each new strain like a new 
species finds the host defenceless and initi 
atea a tram of events culminating in an 
acute attack and a period of gametoi^^ 
production 

5 The effect of age and exposure Since 
immunity is developed hy exposure except 
in very young infants it has nothing really 
to do with age but only with number and 
frequency of infections A high inocula 
tion rate tends to concentrate the persistent 
and dangerous earners m the earlier age 
groups D B Wilson (1939) in a senes 
of important papers on malaria in East 
Africa descnbes such a situation among 
the Bantu in Tanganyika who live in an 
area of high endemicity All the babies 
are infected before they are 5 months old 
and the period of acute infestation lasts 
about 18 months There is little danger to 
life after 6 months Gametocytes reach 
their height at the end of the second year 
and are seldom seen in adults There are 
all gradations between such a sitaation and 
areas of sporadic nalana with no measur 
able immunity at all In rural districts of 
Kenya 29 per cent of the natives under 10 
years of age were gametoeyte carriers but 
less than 2 per cent of the rest while Clark 
and Komp in Panama with a less estab 
Ushed immunity found 41 per cent of the 
children carriers and 29 per cent of the 
adults 

In very young babies there appears to be 
a resistance to infection deriv^ possibly 
from the mother Clark (1937) found in 
Panama that infants enjoyed almost com 
plete protection m the first two months of 
life although even more exposed to tnos 
quito bites than adults Strickland Sen 
Qupta and hlatumdar observed in India 
that the average age of infants at the first 
attack was from 3 to 4 months depending 
on the season while Barber Mandekos and 
Rice found in Macedonia that older infants 
were more susceptible to infection than 
younger ones 


6 The effect of treatment None of the 
dn^ now at our disposal is able to prevent 
malaria from relapsing or the appearance 
of gametocytes We can possibly cut down 
the number of relapses somewhat but never 
sufficiently to protect a community from 
continual reinfection Even small groups 
under discipline cannot be sterilized Ciuca 
found that neither quinine nor atabnne 
prevented the appearance of gametocytes 
in as many as 149 out of 269 cases of in 
duced P falciparum infections m hospital 
Simmons {1939a) reports that in Panama 
more than 20 per cent of soldiers receiving 
the standard treatment of quinine followed 
by 15 grains daily for 3 months became 
earners while still taking the drug Bis- 
pham claims that with suitable atabnne 
treatment over 90 per cent of P vxiax car 
rters can be cleared of parasites His ex 
penence was confined to encampments of 
young men while communities vnth chil 
dren and babies are quite another problem 
Even so tbe cleanng of only 90 per cent of 
parasites would hardly be adequate protee 
tion for a community Barber Bice and 
Mandekos present proof tbat both in the 
Balkans and m Liberia even one heavy 
carrier in a Tillage could raise the sporozo 
ite index of the anopheles and cause a not- 
able increase in transmission 

Neither in Spam nor Holland where the 
malaria is principally a mild tertian nor 
in Sardinia or the Balkans where the ma 
laria is severe nor m Panama where tbe 
climate is tropical and infection goes on the 
year round have the most intensive and 
persistent treatment campaigns been able 
to destroy the seedbed of the disease 
7 The effect of race The subject of 
earners is complicated in many regions 
such as Panama Africa and the Southern 
United States by the presence of a mixture 
of races Negroes have a notable tolerance 
for P tivar infections and while they are 
susceptible to P falciparum and P ma 
hinae the clinical course of the disease is 
milder than in the white race In the 
Bouthern states the white children have 
more P ttiai parasites and the negro ebil 
dren more P falciparum Thus in the 
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Wson Dam area, T V A., the peak of 
malaria for whites is in June and for ne- 
groes m August These differences are 
confirmed in the laboratory Among G P 
I patients, negroes exhibit a high degree 
of tolerance to P vwax inoctdations TThich 
IS ordinarily absolute for the strains now 
bemg employed m malaria therapy This 
tolerance is found in children as well, which 
suggests that it is racial and not acquired. 

In areas where P falc\pamm infections 
predominate the matter is not so clear 
D B Wilson (1939) heberes that in the 
black population m East Africa inherited 
tolerance plays little part in the nltunate 
acquisition of inmmnity, for the babies 
suffer from intense infections and while 
they rapidly acquire resistance, this is not 
dependent upon race but upon frequency 
of infection This is supported by -van 
KiUen who aaya that natives ol Buanda 
when they come to the highly malanona 
mining camps of Eataoga get attacks com 
parable to those of Europeans with cere 
hral forms and blacbwater fever Aecb 
matization takes about 3 years Neverthe 
less Oiglioli (1938c) points out that m Brit- 
ish Ouians negroes and East Indiana live 
under exactly the same conditions and are 
equally exposed to malana The negroes 
become infected with malaria like In 
dians and the parasite rates are comparable 
(60 and 74) hut the negroes tolerate the 
infection better and react less violently 
with a spleen rate of 13 as compared with 
70 among the Indians The fact that the 
parasite rates are so nearly equal shows 
that the tolerance is to the effects of the 
parasites and not to the parasites them 
selves and nfgro communities while not 
great sufferers from clinical malaria may 
serve as continual foci of infection to other 
racial groups 

8 The tfifivence of tex Significant dif 
ferences are occasionally reported between 
the sexes Bussell found the parasite rate 
for boys to be 32 and for girls 22 in some 
Indian villages and I have noted the same 
thing m Sardinia This is not a constant 
finding and is usually attributed to differ 
enct^ m exposure to infection. 


9 The effect of individuai and family 
disposition Clark found in Panama that 
the bulk of the malana was confined to the 
same individuais or families year after 
year, and Barber and Komp out of their 
long experience came to the considered 
opinion that “it is the occasional heavy 
earner who is most dangerous to a com 
munity ’* 

10 The influence of social factors Ma 
lana has long been classed as a social dis- 
ease and the implication is that econonuc 
alresa reflected in low standards of Ivvmg 
undernourishment, lack of medical care 
overcrowding and so forth, creates a sitoa 
tion BO favorable to the persistence of ma 
lana in the individual and in the group 
that it cannot he eradicated without drastic 
changes in Imng conditions Small, sub- 
standard aggregations of people liviug 
under Buch conditions at the edge of more 
pro^erous communities are seed beds of 
malana for the general popolatioo. Tbaa 
the negroes in our Sontb like the gypsies 
in Hungary are foci of infection which m 
sore a constant supply of ganetocytes but 
whether this is to be attributed to social 
factors or to the fact that these unfortunate 
groups arc almost always more accessible W 
mosquitoes than the towns people is not 
clear The whole question is very contro- 
versial and a considerable literature has 
grown up about it (Hackett 1937) 

Social factors may produce a lag m the 
nse or fall of malana endemicity in a com 
muDity but this has never been measured 
or proved to exist 

11 The influence of hahiis and occupa- 
tion It 13 unnecessary to dwell on the fact 
that some people are more exposed than 
others to infection by reason of their man 
ner of life In the hill towns near Borne 
malana is an occupational disease of the 
farmer who descends daily to the plain 
early in the morning and does not return 
to his hilltop until after the anopheles have 
become active m the evening 

Summing up we find that anopheles in 
proportion to their efficiency as vectors 
build up 8 carnet group m a community 
which IS fluctuating and indeterminate in 



MILAEU AND THE COMMUNITY 


153 


Bize and distribution and is favored or 
limited bj a variety of factors Tins how 
ever results m a certain transmission rate 
which determines the character of the ma 
laria in the eommumty At every !e\e! 
this transmission rate is attended by a cor 
responding tolerance made up of individual 
specific reactions to plasmodial infection 
and at high intensities the group imammtf 
intervenes forcefully to protect the popu 
lation It pushes the acute struggle back 
to the earlier ages and when completely 
established restricts it to the first two years 
of life Such intensely malarious com 
munities do not usually increase m mim 
bers and the adults are able to live a rela 
tively normal and active life 

Chronic Cases JIixed Infections and 
Parasite FoRMUt^As 

It IS known (through induced malaria m 
paretics) that the immunity conferred by 
infection is solid and lasting m the case of 
P tiiax solid also but less easily acquired 
and mote evanescent in P /alctpcTtim P 
itvaz immunity may last aslcng as 7 years 
and that to P falctparum several months 
at least sufficient to cover the ordinary 
transmission season It is lear that no 
one could develop chronic itvalatia by re 
peated infection with any one parasite 
Persistent splenic enlargement is not pro 
duced in the laboratory even with several 
strains James repeatedly reinfected one 
of bis cas s over a period of 5 years first 
with P tiidJ (7 times) then with P falct 
parum then again with P tut az and finally 
with P oiale without producing anything 
but a hi^h reMStance to all three parasites 

But this immunity is verv specific A 
person acquires immunity to the particular 
strain employ ed and not to any other strain 
There is a slight spread of tolerance in P 
titaj infections but hardly any mP fold 
parum As for diffeient species it has 
been showTi that a current or recent infec 
tioii with either P folaparum or P tiiox 
parasites in no wav interfens with success 
ful moeuHtion vnth the other 

Clironic mahria then is due to over 
lapping infections of different spetics and 


heterologous strains of plasmoJia Mixed 
infections must be the rule and not the ex 
ception in localities with even a moderate 
transmission rate Christophers has pointed 
out that there will be overlapping infec 
tions even with relatively low endemicity 
for if one hundred infections were distrib 
uted at random among a hundred individ 
uals the chances arc that 

37 would escape infection 
37 would get 1 infection 
J8 ® infect ons 

6 3 

2 4 or morn infections 

There is thus being formed a nucleus of 
individuals who have been infected twice 
or more and in fact 26 per cent will already 
have mixed infections 
It IS well known that these mixed infec 
tions ate not found in the ordinary miero 
scopic survey of blood specimens Natu 
rally we should not expect to recognize 
strains but tbe species ought certainly to 
show up Yet mixed infectious are re 
ported as present m only 2 or 3 per cent 
at most of tbe preparations There is an 
antagonism between the three common spe 
cies which ordinarily enables only cue of 
them to remain in the circulating blood in 
sufficient number to be diwovered by rou 
tine examination It seems that P falci- 
parum usually commands during the acute 
stage P xiiaz tends to dominate the long 
term relapses while P niolariae a tenaci 
ous parasite outlasts them both 

Tbe only way to obtiiii an approximate 
idea of the percentsge of mixed infections 
IQ a population is to follow a group through 
the yenr with persistent blood examina 
tions The proportion found will mtu 
rally correspond to the intensitv of the 
mslsna Barber and Ivomp found 4o per 
cent of a group of cliildren in the soulherti 
United States varying in type of phsmo 
dium dunng the vesr and Balfour re 
ported the same percentage in a Greek vil 
althougli not more than 3 p r cent of 
mixed infections were found at am one cx 
amination Me conclude tint children can 
not grow «j> in a malarious locilitv of even 
moderate enderaiiity without acquiring a 
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representative assortment of all the species 
and many of the strains of plasmodia 'with 
which the local anopheles are infected 

But if every chronic case of malaria is 
harboring many different strains of para 
sites and usually more than one species the 
parasite formula, or relative prevalence of 
parasite species found in a blood survey of 
a community is not an indication of the 
actual distribution of the parasites bat only 
of the frequency with which each happens 
to be dominating the blood picture m in 
fected individuals at the moment of taking 
the blood samples We must look then for 
other factors besides the chance distribu 
tion of infective bites which might account 
for the notable variations in the relative 
prevalence of the different species in the 
blood of populations at different times and 
under different conditions Tbej are in 
ternal factors which govern the host para 
site relationship and have to do with the 
peculiar biology of each plasmodial species 
as well as with the differential reaction of 
the human orgamsm to the specific infec 
fions P falctparum causes an acute dis 
ease and builds up its numbers v ery rapidl> 
It is greatly favored by a high transmission 
rate and acquires a long lead over the other 
forms m epidemics It loses ground as 
rapidly when transmission begins to fail 
possibly because it requires morfe game 
toejtes than P iiroz to infect anopheles 
The more persistent P vivax takes its place 
characterized bj latent periods and long 
term relapses P malanae is masked by 
either of the other species in the acute 
stage but it long outlasts them both and 
clings indefinitely to the human oiganism 
Muhlens reports one case which relapsed 
with parasites in the blood 19 years after 
infection Much of thp so called in>sterj 
of quartan fever is explained bj the per 
sistenee of the parasite and its tendem^ to 
be recessive 

The waxing and waning of human no 
mumty also plays a part in the appearance 
and disappearance of parasites from the 
circulation and hence in the parasite lor 
mula From all these considerations it is 
clear that the parasite formula determined 


from groups containing febrile cases will 
differ from that based on apparentlj 
health; carriers 

The mixed character of apparentlj simple 
infections is shown by the fact that with low 
transmission one parasite increases at the 
expense of the others Thus in Sierra 
Leone, Gordon and Davey found the total 
malaria relatively constant but the pro- 
portion of positives for P malanae varied 
all the way from 0 to 22 per cent in Id vears 
In tropical areas where the transmission 
rate is continuously high P falctparum 
dominates the blood picture at all seasons 
and m all ages Other species are present 
m due proportion during the first jears of 
life but are encountered more and more 
tardy later on 

There js finally the differential effect 
exerted on the relative prevalence of the 
various organisms by their specific inenba 
(ion periods m the mosquito That of F 
max may be several dajs shorter than that 
of P falciparum, and only half that of P 
malanae Since under some climatic con 
ditioDS these periods maj approximate the 
life span of the insect they maj notably 
influence the parasite formula of the com 
mumty 

Thus the multiform character of the 
plasmodium and the specificitj of the un 
mumty produce in the malarious com 
mumty, as in the constantly exposed indi 
vndual a continuous immunological activity 
which becomes more and more complex as 
the rate of inooulation mcreases The fre 
quency of successive heterologous infee 
tions the waxing and waning of specific 
tolerances and the behavnor peculiar to 
each species of the parasite together de 
termine the aspect of malaria which is re- 
flected in a way we are not able fully to 
analyze in the blood picture of the indi 
-vidual and the parasite formula of the 
community 

Endemic and Epipemic Malaria 

The transmission rate gives malaria its 
TOlunie and intensity bnt the diversity of 
o^anisms creates that fluctuating and 
polyvalent immunity which characterizes 
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chronic malaria in the individual and en 
demic malaria in the community Endemic 
malaria is malaria which is constantlj pres 
ent in a degree to give a measurable amount 
of morbidity or splenomegaly Any rapid 
increase of acute cases is called an epidewitc 
and may take the form of an outbreak in a 
small community or the cipected seasonal 
wave of morbiditj m temperate climates 
or a widespread regional exacerbation of 
the disease on a large scale Almost al 
wavs the epidemic manifestations have an 
endemic basis 

It IS possible of course to have pure epi 
demie malaria caused by tbe advent of a 
earner or carriers into an uninfected area 
where there are anopheline vectors This 
happens once in a while m tbe northern 
states However where periodic epidem 
iLB occur tbe sources of infection ate usu 
ally present widely though often sparsely 
distributed throughout the population If 
there is little evidence of mahria in the 
isterepidemio season this is called hypo 
endemic malaria Such a situation comes 
about through a very low transmission rate 
or a very short transmission season Still 
the malaria may have a certain intensity in 
summer and carry on from year to year 
In western Spam the summer epidemic may 
involve 30 per cent of the population yet 
the winter parasite and spleen rates may 
be nearly zero The inhabitants have al 
most but not quite time enough to recover 
between seasons 

At the other extreme where transmission 
13 constant at a higher or lower level we 
may have pure endemic malaria although 
this too IS rare It is approached in such 
tropical places at Laos in Indo China where 
malaria prevails everywhere without inter 
mission and with little seasonal or annnal 
variation Epidemics are unknown though 
hospital returns indicate an increased prev 
alenco during the rains "Where the trans 
Bussioa rate is very high and constant com 
plete immunity may be established as in 
certain Bantu tribes on the East African 
coast described bv D B "Vrilson (1939) 
Evervone is infected a dozen times a year 
and there w little illness after 2 or 3 years 
of age No ill effects in older children or 


adults are seen which can be attributed to 
malaria The parasite counts in such a 
population are very interesting Thev 
range from 8 000 per ce in infants to less 
than in the age group 9-25 Tbe toler 
anee is like immunity to sunburn obtained 
only by frequent and prolonged exposure 
Between these extremes lies the broad 
field of endemic malaria with periodic epi 
demic waves Transmission is seasonal 
and if It IS high we have overlapping in 
fections and chrome cases while if it is low 
the infections are widely spaced and the 
lases are mainly acute The malaria is 
called hyperendemic if tbe spleen rate is 
constantly above 50 and sporadic or hypo 
endemic if the winter spleen rate is insig 
nificant 

"Within these limits two general situa 
tions occur depending on tbe transmission 
rate which are not sharply divided from 
each other but grade from one into the 
other One of these is characterized by 
poorU developed group immunity and the 
type IS chvefiv epidemic uith a permanent 
and measurahle endemic seed bed Such 
malaria can be identified by 

(A) li* b seaseaat peaks 
(b) L ttit sd It immunity to lafeotion 
(e) No ptoDOUBced tendency to restrict aplenO' 
megaly bigh paroa te dens ties and car 
ner ncidence to tbe early age groups 

Tbe high seasonal and periodic increases 
in malaria may have several causes a sea 
sonal increase m anopheline production 
due to rain or lack of rain depending on the 
species the introduction of a new anoph 
eles as in Calcutta and northeastern Bra 
zil which can build up serious epidemics 
oo the foundation of a mild pre existing 
Lodemic malaria or possibly a wave of 
j,ametorste production in the population 
provoked by some environmental cause 
Gill (1938a) has recently called attention to 
this phenomenon m connection with the 
(,reat Ceylon epidemic of 1934 lie be- 
lieves this began with a simultaneous out 
break of relapses m latent cnsis due to un 
usual meteorological conditions and cites 
in support of his theory the low incidence 
among babies and unimportant mortality 
in the population during the first weeks of 



156 


ITjU^AAIa 


the epidemic The epidemic according to 
Gill broke out everjwhere on virtually the 
same day all over the epidemic area and 
could not therefore ha\e been built np by 
an unusual prevalence of anopheles This 
IS characteristic, however of malaria epi 
demies which are always explosive and do 
not spread centrifugallj from a few foci 
of infection as m many diseases The 
seedbed is scattered far and wide and the 
epidemic is limited to the area m which 
conditions of spread are favorable It can 
not spread bejond this area and it does not 
actually spread withm it since the new 
cases arise m every part of it at once gn 
mg a static character to the epidemic 

We ha\e no good proof that the observed 
phenomena cannot be produced bj the ordi 
nary gametocjte prevalence through the 
agenej of an enormously mereased anopbe 
line population 

We have been discussing & malaria situ 
ation which is mainly epidemic in char 
acter with an endemic seedbed Under 
more intense transmission this is con\erled 
into a type of malaria which is cbiedy 
endemic but utth periodic ttaves of tn 
creased incidence Mixed infections pre 
vail with a consequent preponderance of 
chronic cases Such malaria is character 
ized bj 

(a) Beduced epidemic mauifestatioas 

(b) Adult immunity well developed 

(c) Splenomegaly high parasite densities and 

bigb carrier incidence restricted to tbe 
earlier age groups 

This well established group immunity is 
the result of a high transmission rate dor 
mg a long season 

The commonest measure of endemicitv 
IS the spleen rate Howe^e^ Wilson and 
Wilson (1937) point out that frequency of 
infection m tbe non immune portion of tbe 
population — that is m early life — is the 
most accurate index of endenucity A re 
duction in the parasite count reveals devel 
oping immunity Variation with age m 
Bpleen and parasite rates is tbe best basis 
for classification of communities according 
to the degree of developed immunity It 
13 clear that m localities with seasonal 
transmission the spleen and parasitic rates 


taken during the mterepidemic period will 
measure the importance of the endemic 
component of the local malaria while those 
Secured during or immediately after the 
transmission season will indicate the extent 
of the epidemic oscillation 

SUMMABT 

Malaria m tbe community derives its 
character from the rate and constancy of 
transmission, and from the immunological 
diversity of the parasites The frequency 
of infection depends on tbe one hand on 
the density and eflSciency of the anophelme 
vectors and particularly their host rela 
tionship to man and on the other on the 
incalculable fluctuations m the source of 
infection the gametocy te earners At 
e%ery level the transmission rate thus 
determined creates a corresponding toler 
ance which is made up of highly specific 
reactions to tbe numerous and immuno 
logically independent strains and species 
of the parasite The picture ts one of 
growing multiphcity of mixed infections 
resulting m chronic malaria and the atten 
dant phenomenon of mutual parasite an 
tagonisms The mass effect however of 
group immunity at high le%els of intensity 
is one of powerful protection of the older 
age groups and the shifting of the struggle 
to childhood or even infancy The blood 
picture of the individual and the parasite 
formula of the group are resultants of com 
pier factors arising from the biological 
diversity of the plasmodia and the differ 
ential immune reactions of the human host 
The discontinuity of transmission due to 
seasonal influence is responsible for the 
epidemic waves characteristic of endemic 
malaria Only very rarely do we find pure 
epidemics without an endemic seedbed or 
a hyperendemic situation without seasonal 
Or annual exacerbations The rate of trans- 
mission IS best measured by the frequenuy 
of inoculation among infants and the de 
gree of endenucity is indicated by the de 
veloped immunity which determines the 
proportion of acute cases the scope of tl e 
epidemic manifestations and the age dis 
tnbntion of splenic enlargement parasite 
densitiN and gametocyte carriers 



THE ROLE OF ANOPHELINES IN THE 
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In 1897 and 1898 Sir Ronald Re'S dis 
cohered for the first time that mosquitoes 
are the transmitters and definitive hosts of 
the malarial organisms of birds and man 
These results were confirmed by Grassi 
Bignami and Bastianelli m a series oi 
papers m 1898 and 1899 Since that time 
it seems well established that the etiological 
agents {Plasmodium vivax P malanae P 
falciparum and also probablj P oiole) of 
malaria of man are transmitted only b> 
mosquitoes belonging to the genus ^nopA 
etea (m the broad sense) Since 1900 in 
numerable papers have been published on 
human malaria and on their transmitters 
the anophelme mosquitoes Summarizing 
the results of all this intensive research it 
maj be stated that it seems established that 
certain species of Anopheles are effective 
and dangerous transmitters of human ma 
lana while others may be considered of 
minor or insignificant importance Par 
thermore certain so called good or 
dangerous anopheline transmitters are 
known from all the endemic malarial re 
gions of the world Again it appears estab 
lished that in some regions the good 
ttansmiUers are especially effective in 
transmitting malaria and the introduction 
of such species into other endemic malarial 
centers ma> and frequentl> does bring 
about epidemic conditions (as for exam 
pie the introduction of A gamhae from 
Africa to Brazil and A o/himanvs into 
Barbados Jamaica and St Croix) It is 
also apparently well established that cer 
tain species of Anopheles inaj serve as 
dangerous transmitters in one region of 
the world and in another region be nnim 
portant or of mmor importance in the 
transmission of malaria {eg A pseudo- 
punetipennti is a dangerous species m 


Argentina Mexico etc while m the United 
States it w of minor or of no importance 
A subpietus (rossi) and A hyreanus are 
dangerons in the East Indies etc but 
not of importance in India etc ) Again 
it w reported that m some regions (Dutch 
Guiana) the human population has become 
so attuned or adapted to the malarial 
organisms that the clinical sjuaptoms of the 
disease have almost vanished and the people 
carry on quite effectivelj despite the para 
sites within them (the efficient parasite 
of Snellengrebel 19-10) 

Studies of the biology and taxonomy of 
anophelme mosquitoes have been carried on 
mtensiseb m man> parts of the world 
particularlN in Europe In 1900 scarcely 
anything was known about the biology of 
mosquitoes and for many years thereafter 
It was generally considered that the biology 
of all species of mosquitoes was quite simi 
lar In recent years (1916- ) this con 

elusion has been rudely shattered and we 
feel certain that the biology of CTch species 
IS a very complicated and in most cases 
unsolved problem Similarly with taxon 
omv In 1900 verj’ few species of anoph 
elines were known while todaj over 170 
species are recorded from the world and 
as we learn more about them the species 
becomes ever more complex (as for exam 
pie the A macnlipennis complex in Eu 
rope Asia and North America) 

This brief paper is to deal with the role 
of anophelines of North America in the 
transmission of malaria What are the 
species with which we have to concern our 
selves! At present this is a somewhat dififi 
cult problem for we are not certain just 
what oar species are and certainlj we are 
far from knowing their biologies distnbu 
tion habits habitats or their preference 
1S7 
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fot man (androphUtc) or animals (200 
philic) We c,an present only the data that 
are arailable At the present tune there 
have been recognized the following species 
of Anopheles barien Coq boydt Vargas 
{Ifranciscanus MeCraeten) eructaru eru 
cians King crucians hradleyi Kmg, cm 
cians georgianus King quadrtmaeulatus 
Saj punctipennis Say pseudopuncUpennis 
Theo atropos D & K ualkeri Theo occ*- 
dentalis D & K. ocadeniahs freehomt 
Aitken aZbimanuj Wied 
All of these species have been infected 
experimentall> with one two or all three 
species of plasmodium of human malana 
except A hoydi A crucians georgianus A 
occidenfalts and A occidentahs freebomt ‘ 
At the present time it is generally agreed 
that A quadnmaculatus and A occtden 
tails and its varieties are the principal 
transmitters of human malaria in North 
America That this assumption is correct 
seems doubtful to the writer Only a few 
years ago we knew nothing about A 
walkert, yet today we know that it is widely 
distributed that it readil} and eagerly 
bites man and that it has been expcri 
mentally infected with tertian and aestivo* 
autumnal malaria Becentlj it was foiuid 
naturally infected with malarial sporo 
zoites Onlj a few years ago A barben 
was not found north of Washington D C 
yet today it is recorded from many locali 
ties despite its minute size and the difficol 
ties of finding it We know very little of 
its biology Or its feeding habits erpen 
mentally it has been bhown to transmit ter 
tian malaria from man to man A pseudo 
puncitpennis is known to transmit malaria 
in Mexico and Argentma but our form 


factors would seem to have to be present 
in order that an epidemic might occur m a 
known malarious region (a) a susceptible 
population exposed to mosquito attack, 
(b) & new strain of malana (either a 
heterologous strain or an increase in the 
vimlcnce of the prevalent stram) (c) a 
species or subspecies of anophelmes present 
and readilj susceptible to infection and 
androphilous, (d) favorable breedmg 
grounds for a marked increase of the 
anopbelme transmitters and (e) human 
carnets with viable gametocytes of a new 
strain (herologous) or an increase in the 
virulence of the prevailmg stram 
Early work based on the mosquito- 
theoty was earned on by Doty (1901- 
1909) on Staten Island and m some small 
towns near New York City by Berkeley 
(1901) where malana occurred m epidemic 
form Their work was very successful and 
malaria soon disappeared (m 1909 only 5 
cases on Staten Island) Probably the first 
city wide organized malarial control in the 
United States took place at Ithaca N Y 
beguming after an epidemic of typhoid in 
1903 and an epidemic of malaria m 1904 
when there were over 2000 cases m a popn 
latiOQ of 13 000 The health oOSeer was 
tivea authorit> to require every physician 
to report each week every case of inalaria 
and its location to require a blood ezamma 
tion of every suspected case to appoint an 
inspector and two assistants to find and 
eliminate anopheline breedmg places and 
to issue instructions as to how malana is 
contracted how to avoid infection and m 
regard to isolatmg p tients There were 
1000 eases m 1905 none m 2908 and since 
that time Ithaca has been practically free 


appears to play no part in its transmission 
More information is required about this 
species in the United States 

The question before ns is the role of 
anophelmes m the epidemiology of malana 
From our present knowledge the following 
1 Though nems and Gray (1940) record th» 
sftoeies aa the traBasatler of malana in Cali/ jmd 
N Mex I «aii find bo data of either expennieDta] 
infection or mfected apecimens caught » 
eseept the work of Barter and Torbrich (19 S> 
(New Mexico for ^ maciihpenn%t) 


of malana 

In 1905 when Ithaca suffered from a 
severe flood there were extensive cat tail 
marshes m the northern southern and 
western portions of the city m which 
Anopheles bred in immense numbers 
Though A punctipennis bred commonly 
about the city and still does A~ quairv- 
maculatus was recorded as the dommatmg 
and most prevalent form Begtnnmg m 
1905 and contmumg Until 1912 all these 



iNO?nELIOTS rr the EmEMlOUJQT or MALARIA, 


159 


marshes and all breeding places witbia pn 
rate property in the eit\ were treated each 
week or ten days during the mosquito 
breeding season with kerosene oil Then 
the work became more or less haphazard 
until 1928 when it was again organized and 
IS still earned on Praetieallj all the 
marshes have been drained or filled 

Only a few yiecimens of A guadnmocu 
laius base been taken within the city since 
1918 Now there is no malaria and the 
anti mosquito work continues mainly to get 
rid of such mosquitoes as Aedei tezoni 
Culex piptens and certain spring breeding 
forms 

A detailed study was made by Dr 
SmiUie (1927) of the results of a water 
impoundment at Gantt in Alabama Dur 
mg 1922 (the year work was begun) there 
were recorded 16 cases of malaria m a 
population of about 250 The dam was 
completed m late 1923 The lower half of 
the dam site was partially cleared while the 
upper half remained uncleared with high 
water surrounding trees shrubs and all 
kinds of fioating debris The malaria cases 
in this area were 3 in 1921 16 in 1922 6 
in 1923 (water impounded in late autumn) 
238 in 1924 and 132 in 1925 (105 relapses 
and 27 new eases) Of the 238 cases m 

1924 only 21 had s previous history of 
malaria and of these only 5 had the attack 
during the previous two years The epi 
demic began slowly in June and July and 
reached its peak in October 1924 

A detailed study was made of the anoph 
eline population during 1923 1924 and 

1925 As there were practically no anophe 
line breedmg areas surrounding the dam 
very few adults of A quadnmaculatu$ were 
present except in the late autumn A 
crucians and A pvncUpennis were also 
present in small numbers During 1924 A 
quadrxmaculatus was very abundant reach 
mg a peak in late September The other 
two species showed no marked increase over 
the previous year The curve of malarial 
cases followed closely that of the abundance 
curve of A quadnmaculaius During late 
1924 active measures were taken to improve 
the impounded water by clearing and m 


creasing the use of oil or other lamcides 
The water was again impounded (June 1) 
without the upper half of the dam being 
eleared resulting m excessive breeding of 
A quadrtmaciilaius in the upper portion 
of the dam. Control by larvicides was not 
successful and there developed 21 new cases 
of malaria about the uncleared area The 
water was ogam withdrawn on July 10 the 
control of anopheline breedmg was estab 
Iished and malaria stopped 

The dam was now cleared of all timber 
slirnbs and a clean shore line was estab 
Iished well above the high water line The 
results as summarized by Smillie are A 
quadrimaculatus is essentially a pond 
breeder A crucians was prevalent during 
spring and summer A punciipenms was 
present throughout the year but most 
abundant during the winter months Epi 
demiologica! evidence clearly demonstrates 
that A quadrimaculatus is the vector of 
malaria in this area 

It IS very unfortunate that m this inter 
estiDg and illuminating study of a malaria 
epidemic in a restricted area no dissections 
of anopbelincs were made 
In the late summer of 1935 a rather 
striking epidemic of malaria occurred in 
Camden N J From 1912 to 1934 a total 
of 61 cases of malaria had been reported 
from the entire county of Camden In the 
late summer of 1935 Butts (1937) reports 
a total of IZO cases in a comparatively small 
section of Camden City in the northern 
area close to low marshy ground near 
creeks A case of malaria had returned 
from South Carolma shortly before the 
appearance of new cases in this vicimty 
However the city has a central airport near 
the marshy area and heavy trafBc from all 
parts of the country passes through this 
distnet On September 11 and 12 coUee 
tioQS of mosquitoes were made which 
shovred the presence of small numbers of 
A quadrimaculatus and A puncUpennts 
Prom September 14 to September 28 daily 
trappings were made and a total of 2748 
mosquitoes was secured of which 53 were 
female Anopheles (species not indicated) 
At the time of Butts report (August 14 
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for man iandropkUxc) or ammals {zoo 
pkUtc) We can present only the data that 
are available At the present time there 
ha\e been recognized the following species 
of Anopheles barben Coq , baydi Vargas 
(T/ranciscanus McCracken) eruetnns cru 
aans Eing crwcians bradleyx King cru 
ctans georgianus King, guadrimaculatus 
Saj punciipenms Say, pseudopunettpennti 
Theo atropos D d, K ualken Theo occi- 
dentalis D K oeciden^alia fteebomi 
Aitken alhimanus Wied 
All of these species have been infected 
experimentally with one two or all three 
Species of plasmodium of hnman malaria 
except A hoydi, A crucians georgianus, A 
occidentahs and A occidentalts freebomt ' 
At the present tune it is generally agreed 
that A quadnmaculatus and A aeetden 
ialis and its varieties are the principal 
transmitters of human malaria m North 
America That this assumption is correct 
seems doubtful to the writer Only a few 
years ago we knew nothing about A 
icalken jet today we know that it is widely 
distributed that it readilj and eagerly 
bites man and that it has been expert 
mentally infected with tertian and aestivo- 
autumnal malaria Recently it was found 
naturally infected with malarial sporo* 
zoites Only a few jears ago A barberi 
was not found north of Washington D C 
yet today it is recorded from many locali 
ties despite its minute size and the difBcul 
ties of finding it We know very little of 
Its biology or Its feeding habits experi 
mentally it has been shown to transmit ter 
tian malaria from man to man A pseudo 
punciipennis is known to transmit malana 
la Mexico and Argentina but our form 


factors would seem to have to be present 
m order that an epidemic might oecnr in a 
known malarious region (a) a susceptible 
population exp(wed to mosquito attack 
(b) d new strain of malaria (either a 
heterologous stram or an increase m the 
virulence of the prevalent stram) (e) a 
species or subspecies of anophelmes present 
and readilj susceptible to infection and 
androphilous (d) favorable breeding 
grounds for a marked mcrease of the 
anophelme transmitters and (e) human 
earners with viable gametoeyfes of a new 
stram (herologous) or an increase m the 
virulence of the prevailing strain 
Early work based on the mosqiuto- 
theory, was carried on by Doty (1901- 
1909) On Staten Island and m some small 
towns near New York Citj by Berkeley 
(1901) where malana occurred in epidemic 
form Their work was very successful and 
malaria soon disappeared (m 1909 only 5 
cases on Staten Island) Probably the first 
city wide or,,aQized malarial consol m the 
United States took place at Ithaca N Y 
begmnmg after an epidemic of typhoid m 
1903 and an epidemic of malana in 19(11 
when there were over 2000 cases m a popu 
lation of 13 000 The health officer was 
given authority to require every physician 
to report each week every case of malaria 
and its location to require a blood ezamina 
tion of every suspected case to appoint an 
inspector and two assistants to find and 
elunmate anophelme breedmg places and 
to issue mstructions as to how malaria is 
contracted how to avoid infection and in 
regani to isolatmg p tients There were 
1000 cases m 1905 none in 1908 and since 
that time Ithaca has been practically free 


appears to play no part in its transmission 
More information is required about this 
species in the United States 

The question before u* is the role of 
anophelmes m the epidemiology of malaria 
From our present toowledge the following 
I Though Senns and Gray 0940} zeeoti ttw 
gpeciM » the transnatter of malana in Calif and 
N Ilex. I can find no data of either experimental 
infecUon or infected gpetmens caught in the ^ 
except the work of Barber and Forbndi 
(Newifenfio tot A moeultpennu} 


of malana 

In 1905 when Ithaca suffered from a 
severe flood there were extensive cat tail 
marshes m the northern southern and 
western portions of the city m which 
Anopheles bred in immense numbers 
Though A. puncUpennis bred commonly 
about the city and still does A quadry 
maeulatus was recorded as the donunatmg 
and most prevalent form Beginnmg m 
1905 and contmnmg until 1912 all these 
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greatest intenaitv of the epidemic was 
about stations 17 and 18 and these were 
closest to the Lno^cn breeding areas of the 
anophelines For example house 112 j had 
8 positive blood smears (all the inhabi 
tants) and none of them had positive case 
histones the previous jear Houses 1095 
(8) 1096 (7) 1097 (7) also close to ata 
tion No 17 showed a hundred per cent 
malaria except 1096 where 4 out of the 7 
were infected similar condition existed 
close to collecting station No 18 
From this studv it maj be inferred that 
given a susceptible population a good 
transmitter m reasonable numbers and a 
limited source of gametoevtes at first there 
IS an almost assured epidemic of malaria 
It is unfortunate that this epidemic was 
not observed through, ita entice course and 
that DO dissections of A quadrtmccuUitus 
are recorded 

It is not possible to give even a eursorj 
Bueve} of the 'West Indies Mexico and Cen 
tral America m regard to epidemics of 
malaria because we are not certain of the 
species of anophelines present or their dis 
tnbution Malaria is endemic in man) 
parts o£ this area and epidemics occur from 
time to time as that of St Croix in 1931 
and Barbados in 1927 In St Croix onI> 
15 cases of malaria were recorded from 
1918tol930 letmlOSl (the wettest jear 
on record for the island 69 81 inches of 
rainfall compared w ith the average of 45 54 
in } a severe epidemic occurred over 900 
cases m a population of about 15 000 In 
Barbados there were reported over 1 000 
eases in 1927 and up to that time no 
anopheline was known from the island 
However A alhimOTuis was found preseirl 
and widely distributed 
In Jamaica B W I Washburn (1933) 
records a sudden outbreak of aestivo 
autumnal malaria m 1931 in Falmouth and 
surrounding area The town of Falmouth 
and nearbj areas have a population of 
about 8 000 During 1931 (Jnh 1931 to 
Februarj 1932) some 4 442 cases of malaria 
developed with 138 deaths The island 
experienced heavy rainfalls in 1931 after 
two years of low rainfalls. (92 inches m 


1931 compared with the normal of 76 
inches in Falmouth the lainfall was 60 
inches while during the preceding four 
years the average was only 33 inches) 
From 1923 to 1930 onh a small number of 
malarial cases were treated at the Falmouth 
public hospital (less than an average of 20 
cases per yenr 34 in 1930) Falmouth has 
extensive saline marshes and mangrove 
swamps around it A road pas'sed through 
this area separating the marsh from the 
mangrove swamp but connected by a 12 
foot channel In 1928 this channel was 
Llosed During the dry seasons of 1929 and 
1930 parts of the mangrove swamp were 
cleared (it lies below sea level) The heavy 
rams of 1931 converted many of the saline 
pools to almost fresh water especially in 
the man^roTe swamp which was now closed 
to lU sea connections Mosquitoes ap 
peared in immense numbers and A olbi 
manus A grabhatni end A ve$titipenms 
were tbe anophelines From January to 
June 1931 only 205 cases of malaria were 
treated at the Public hospital In July 
50o August 1 455 September 731 October 
401 November 401 December 448 Janu 
ary 211 and February 54 cases of malana 
were treated m clinics or a total of 4 442 
m a population of less than 6 000 During 
thi& period anti mosqnito measures were 
cam^ on the channel into the mangrove 
swamp was reopened and its waters gradu 
ally became saline By February 1932 the 
catches per night of A alftimanus (from 
twelve stations) dropped from 1 209 in 
October to 233 m February However A 
grabhafM showed an increase from 98 in 
October to 130 in February In March the 
epidemic had subsided 

Most epidemics of malaria seem to have 
an almost explosive character develop 
mg with great rapidity in the whole area 
and then subsiding rather rapidly Such 
results may be explained by the fact that 
there are many strains of each kind of ma 
laria and that a population soon acquires 
a certain immunity to the strain present 
Probablv the anopheline earner also be 
comes more or less refractory (as indicated 
by many workers demonstrating the fail 
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1936) there were 16 relapsing cases and 
several relapsing cases (number not stated) 
observed in 2936 that were not included jd 
the 120 cases reported for 1935 The origin 
and course of this malarial epidemic is 
rather obscure Butts reports no new eases 
up to August 14 1936 but onij relapses 
All infections recorded were due to P 
vivax 

The state health officer (Dr Mahaffiv) 
reports onlj 1 case in 1937 none in 1938 1 
in 1939 and 1 m 1940 

A peculiar epidemic occurred in 1934 
m Aurora Ohio a small village of about 
1 000 inhabitants where no malaria had 
been known at least since 1920 On Sep 
tember 3 1934 seven cases were reported 
two of which had parasites (P vnax) ta 
their blood The publicity of these eases 
soon resulted m the discovery of 22 cases 
that developed prior to September 3 Later 
there were 10 new cases m September and 
5 m October or a total of 37 cases between 
August 21 and October 23 or 3 7 per cent 
of the total population The origin of this 
epidemic is obscure though Hoyt (1935) 
reports a case of malaria m a house painter 
who had malaria m Florida and a relapse 
in illay in Aurora (1934) Search for mos 
quitoes demonstrated the breeding of A 
puncttpenms but not of A quadrtmacu 
laius However A quadrtmaculalus was 
found m the houses but a dissection of six 
adults proved negative As mosquito con 
trol measures vere started at once no 
further information could be obtained 

Probably as interesting and as sharp an 
epidemic as recorded is one reported tor a 
small section of the Elk Kiver which 
empties into Wheeler Lake Alabama 
Smith (unpublished thesis 1939) invesli 
gated this outbreak and, his report may be 
briefly summarized llie area is part of 
the T V A impoundment of Wheeler Reser 
voir In this locality (Limfstone County) 
not a single breeding place could be found 
before impoundment withm two miles of its 
high water line After the reservoir was 
filled certain localities along the Elk River 
furnished favorable places for breeding of 
A guodrimaculaius A malarial survey m 


1934 (two years before irapoundage) 
showed 22 cases in a small peninsula in 
this area This land was purchased bj the 
Authority and depopulated before im 
poundage 

During the summer of 1937 certain eol 
lectmg stations m this localized area 
showed high mosquito counts and in Oeto 
ber of the same year came a report of a 
malarial epidemic The area in question is 
populated by tenant farmers (7^) and land 
owners {%) About one third of the ten 
ant farmers move each year but m general 
the population is quite stable the same 
people remaining year after year Since 
the Aufhonts had complete information of 
every house within one mile of the reser 
voir Jt was not difficult to make a detailed 
survey The entire population numbered 
842 in 176 bouses Blood smears were eol 
Jected (m early October) from 743 of these 
people Of these 106 (14 2 per cent) had 
malaria parasites (68 with P falciparum 
38 mth P vnax) Case histones showed 
a much higher incidence in August at least 
50 per cent of the population The anti 
malarial drugs taken by most of the people 
tended to prevent the showing of the para 
sites m the blood As malaria was not com 
mon m this locality the case history records 
are of great value In 1936 only 94 gave 
positive case histones while in 1937 there 
were 370 with positive case histones and 
106 (m October) showed malina parasites 
in their blood 

What was the source of this epidemic and 
how to account for its seventy (50 per cent 
of the entire population) in an area about 
12 miles along the Elk River and for a dis 
tance of fully one mile on each side cannot 
be answered with certainty Some 92 per 
sons gave positive case histones for 1936 
and a number of tenant farmers from other 
endemic areas moved into the area that 
spring The anopheline breeding in this 
area during 1936 showed an average weekly 
catch of A quadrimaculatus per station 
(Nos 15 17 18 and 19) of 25 2 83 2 58 
and 06 in 2937 these same stations had an 
average weeMy catch of 16 70 15 86 50 69 
and 1004 of A quadrimaculatus The 
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Since the introduction of cinchona com 
paratwely few physicians haTe had the op 
portunity to observe the natural evolution 
of malarial infections to a spontaneous ter 
mination This is in striking contrast to 
typhoid for example for which the lack, to 
date of any specific bactericidal agent pre 
vents a physician from brusquely inter 
rupting the evolution of the disease Hence 
in the period from the begmmng o! specific 
medication until the introduction of natu 
rally induced malaria as a therapeutic 
agent in the treatment of neurosyphilis 
the personal acquaintance of medical men 
with the natural history of these diseases 
greatly deteriorated 

Slalarial infections ate either naturally 
or artificially acquired Naturally acquired 
infections excluding instances of congeni 
tal malaria result from the parenteral in 
oculahon of sporozoites by an infected 
mosquito Depending upon whether the 
inoculation was effected by the chance bites 
of wild mosquitoes in a free condition or by 
the deliberate application of experiinentaUy 
infected insects we ma> distinguish ao 
tochthonous from induced infections To 
the latter class belong the few reported 
instances where moeulation has been 
effected with suspensions of sporozoites 
prepared from the glands of infected 
anophelmes (James Nicoll and Shute 
1927) Artificially acquired infections fol 
low the parenteral inoculation of trophozo 
ites in infected blood Probably the only 
autochthonous infections of this class are 
the instances of congenital malaria A 
further exception to the foregoing state 
ment is afforded b> the recent report by 
Shortt and Menon (1940) of their success 
in infecting 6 of 7 rhesus monkeys with P 


XaoxLlest and 7 of 17 chickens with P 
galhnaeeum by dropping defibrinated in 
fected blood into their open mouths Most 
are induced cither deliberately in malaria 
therapy or accidentally as a consequence of 
transfusion (Hutton and Shute 1939) or 
intravenous medication (Black 1940) or 
the communal apparatus for the prepara 
tion of shots by gregarious narcotic 
addicts (Biggam 1929 Himmelsbach 1933 
F^etl933 Helpernl934 Most 1940b) 

The minima) number of sporozoites 
which can initiate infection in a susceptible 
intermediate host is not known The cir 
cumstance that the mere insertion of the 
proboscis of a single infected anophelme 
can introduce an infecting dose does not 
answer the question as the density of infee 
tion in different insects vanes widely so 
that some specimens might only introduce 
a few others many hundreds or even thou 
sands Sporozoites removed from infected 
glands may be suspended m Locke s solu 
tion and injected by a syringe (James 
Nicoll and Shute 1927) Using such a 
method Shute (1937) reports bavmg 
effected inoculations with as few as fifty 
De Sanctis M'‘naldi (1935) reports takes 
after incubation periods of from 15 to 17 
dajs in 3 of 7 patients intravenously inocu 
lated with from 2 600 to 100 000 suspended 
sporozoites The length of these incuba 
tion periods he regarded as normal for the 
strain 

While it is probable that most of the 
sporozoites introdnced by an anophebne 
are discharged into the blood stream since 
immediate excision of the tissues about the 
site of the insertion of the proboscis will 
not forestall an infection the slender fusi 
form shape of the sporozoite suggests an 
183 
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ure of oocysts to develop m experuneotal 
or TTild caught anophelmes) A new epi 
demic niay occur if a heterologous strain 
IS introduced or a more susceptible anoph 
ehne transmitter invades the region 
However we have certain auophelines that 
seem almost perfect transmitters as A 
pambtae (costahs) and epidemics follow its 
introduction into an endemic region 
Aj> pointed out m the beginning of the 
nearl> 200 anophelme species in the world 
scarcely more than a score are known to be 
efficient or dangerous" transmitters Ei 


perimcntal work indicates that all anophe 
lines so far as tested in any numbers have 
a high dej,ree of susceptibQitj to infection 
If this is true why should we not have more 
intensive malaria transmission! Recent 
work m many lands and by many workers 
has demonstrated that many of our anophe 
lines are not androphthc Furthermore, it 
has been demonstrated that m one of our 
best known anophelme transoiitters (A 
tnacultpenms of Europe) there are several 
distinct races or sub species only two or 
three of which are androphtlie 
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lows natural inoculations even -wlien the 
mosquitoes are proved to be infected Some 
of our results are shown m Table I 
TABLE I 

PeoF6sTi02t or Svcctssnn, Jurxcnoss Brass 

OTOVT TO THE APPLICATIOS OT "VAffTlHO 
KUUBEBS or DxAIOKSTBABLT ItrPECTED 

Mosquitoes 


Pa asite 

Number 
of mos 

quitoea 

PersoBi 

lated 

T.l„ 

Per 

P falcrparvm 

1 

11 

7 

636 




2 

S 3 


6-10 

39 

"4 

614 


11-15 

11 

7 

636 


Total 

103 

60 

58 3 

P «Ull« 


Si 

43 

796 


«-5 

150 

1 3 

618 


6-10 

153 

130 

842 


11 + 

35 

24 

68 6 


Total 

394 

3 0 

813 

P mat rt4« 

2-9 

8 

S 

6 5 


These data suggest that the presumptive 
dosage of sporozoites has had little bearing 
on a Successful natural inoculation 


The Intbinsic Incubation Piwoa 
As ui the case with inoculation by any 
infecting agent a period of clinical quies- 
cence or incubation ordinarily intervenes 


betneen inoculation with malarial para 
Bites and the onset of symptoms Practical 
criteria to mark its termination are either 
(a) the first detection of parasites in the 
peripheral blood or (b) the first elevation 
of temperature to 100 P In most infee 
tions this period can be explained as the 
interval necessarj for a scanty number of 
invadii^ organisms to multiply until their 
numbers are sufilcient to produce an effect 
on the host In malarial infections artifi 
cially induced this interpretation appears 
adequate but subsequent to natural inocu 
lation the operation of another factor 
appears hkelj The incubation period 
subsequent to natural inoculation of the 
intermediate host is called the intrinsic 
incubation period to distinguish it from 
the period of non infectiousness follovang 
infection of the definitive host which is 
known as the extrinsic incubation period 
qv 

Although the duration of the incubation 
period following artificially induced infec 
tioDS ma> varj with the tissues into which 
the parasites are introduced yet if the 
intravenous route of transfer la followed 
the duration to a great degree will vary 
inversely with the dosage of trophozoites 
administered (Table II) Sufficient para 
sites may even be given to make them ua 
mediately microscopically detectable in the 


TABLE n 

BHOWINO tbs IKTESSE EeUTIOK BeTWEEM tbs DOSlOE OF TtOFHOZOlTZS AND THE LEVQTH OF THE 

Incubation Pfbiod w Astifiuiaut Inikjcso Malaria (Intbatevous) 



Do.. 

Da j9 from intravenoas uioculat on to 

First ]>aTa tes | 

First temperaturs 100 

0 

q,.o381318 3 8 

7 12 17 7 + 

Total 

„ , , „ 3 8 13 18 3 28 
“ 7 1 17 2 «7 + 

Total 

P tnoai j 

0-1 

14 7 

32 




1-100 . 

13 1 





101 + 

- 


11 

2 


Total 

3 3 11 4 7 

39 

1 1 3 10 

39 

P m lariue 

0-1 



j ■ 



1-100 

5 " 6 4 1 2 





101 + 

1 1 1 - 

5 


5 



Total 

1 7 7 4 2 2 1 

6 

- 1 10 5 6 1 3 j 

6 


Boses A e is miQ ns of tiopho o tes 
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ability to penetrate the tissues m passage to 
a blood vessel if not directly introduced 
therein This is confirmed by the infections 
resulting from the application of infected 
mosquitoes to blisters (Boyd and Stratman 
Thomas 1934c) It is not known whether 
the crashing of an mfeeted anopbeline on 
the skin might result in infection 

Artificial inoculations maj be ranked m 
order of increasing rehability as sobcu 
taneous intramuscular and intravenous 
The first two methods are not only highlv 
unreliable but if successful are followed 
bv long incubation periods It is difficult 
to understand bow trophozoites introduced 
bv either of the first two routes make their 
^rav to the blood stream. Entirely apart 
from the dosage of trophozoites introduced 
the duration of the incubation penod or 
even the success of the inocnJjtion follow 
ing intravenous inoculation may depend on 
whether the blood of the donor and re- 
cipient are compatible or incompatible 
(Polayes and Derbv 2964) These observ 
ers report mean incubations presumably 
of Ti%as of 4 3 days when the bloods are 
compatible and of fi 2 days when they are 
incompatible The injection of ineom 
patible blood soon gives rise to an elevation 
of temperature chills nausea and dyspnoea 
The necessity of typmg in order to avoid 
this reaction can be avoided by effectmg 
inoculation with not over 10 ce quantities 
of blood. 

'W'e are Lkewise ignorant of the minimal 
number of trophozoites of the parasites of 
man which can initiate mfeetion although 
Coggeshall (1938a) found that in Macaca 
mulafia a single trophozoite of the highly 
viruletit P knoicle^i could induce infection 
Stauber (1939) workmg in Huff 8 labors 
tory has successfully initiated an infection 
with P eathemenum by the inoculation of a 
canarj with a smgle merozoile We have 
effected inoculations of P max with as few 
as ten trophozoites on intravenous utocnla 
bon and are of the opinion that the number 
nught still be farther reduced Distincbon 
of age of the trophozoites must be made 
as an inoculabon effected with 10 preseg 
menters would have a different significance 


from one effected with 10 young amoeboid 
form^ 

The possibility of a malarial infection 
occurring m the recipient of a transfusion 
from a donor with a latent infection is 
alwavs a matter of concern to a surgeon 
although if this possibility is borne in mind 
and blood smears are taken from the re- 
cipient in the event a pjTeiia develops 
there is little actual risk Infected donors 
usually have latent infections with parasite 
densities so low that the recognition of the 
infection by microscopical exa mina tion is 
hopeless Consequently surgeons should 
avoid or at least regard with suspicion 
donors for direct transfusions who have 
resided in endemic regions or give a his- 
tory of past malaria infection (Hutton and 
Shute 1939) An mstance has even been 
reported where oa direct transfusion the 
recipient infected the donor While all 
species of parasites may be encountered m 
tins connection the extreme and unpre- 
dictable duration of latent quartan mfee 
tions makes them an especial hazard. 

Malanal infections aLo merit considers 
tion in connection with the growing prac 
tice of storing blood under refrigerated 
conditions for emergency transfusions 
Johns (1931) succeeded in infecting paretic 
pabents vnth defibnnated blood contammg 
1 per cent dextrose which had been stored 
at 0 C for 16-18 days Since these condi 
tions closely coincide vwth those used on 
blood destmed for storage malarial trans 
fer might be a possibility although the use 
of citrate as an anticoagulant would be 
detrimental to the parasites 

Assnmmg that the route of inoculation 
IS adapted to the parasite an infection or 
take vrUI follow their mtroduction If the 
patient presents some degree of immutu^ 
the mfettion may he of short duration and 
even remain sabchnieal id degree When 
an infection is artificially induced by intra 
venous inoculation with the donor at the 
bed:>ide and the volume regulated by the 
d^ree of the donor s parasitemia, some 
deg ree of take is almost inevitable unless 
the recipient is a refractory hyperimmune 
On the other hand greater tmcertsinty fol 
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TABLE IV 

CoasELATtov Betwei'i the pXRiOB? non iDOCDUno^ »o "Situ I*? TsnyaATviaE ai o it> BtTECTSos ot 

Fakasites 

(A) T tuoi — S *tnttn» 
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circulating blood of the recipient -while 
furthermore with such large doses the 
recipient maj clinically experience passne 
paroxysms attributable to the division of 
the original parasites recened from the 
donor (Boyd and Kitchen 193Go) 
Depending on the species of parasite the 
intrinsic incubation may vary inversely 
with the dosage of sporozoite inoculum as 
roughly measured by the number of m 
fected mosquitoes applied (Bojd 1940i. 
Boyd and kitchen l937c, and Boyd and 
Kitchen 1937e) This is shown by the 
summary presented m Table Ilf 
It Will be noted from Table HI that even 
by thp crude method of appraising the rela 
tive Sporozoite dosage an mierse relation 
between the dosage and the time elapsing 
to the first detection of trophozoites is evi 
dent with the vivax iiio<*ulations but 13 not 
apparent with the falciparum inoculations 
This suggests that the latter parasit* may 
have a very low minimal infecting dose 
which conversely is likely much higher for 
P viiax But more significant still it will 
be noted that even with the maximum 
inoculum the intrinsie incubation period 
not Only has not bepn suppres ed but has 
not been reduced below a characteristic 
minimal inter\al for each species 
Furthermore natural inoculation even 
by massive doses of sporozoites 13 followed 
hv a penod in which the blood is free from 
trophozoites in marked distinction to arti 


ficial inoculation This has been demon 
strated forP tiiax by Boyd and Stratman 
Thomas (1934c), forP /alciparumby Cmca 
ei at (1937a) as well as by Bojd and Mat 
thews (1939) while Warren and Cogges 
hall (1937) have shown that this character 
istw IS also exhibited by the P cathem.erxv.'n 
of birds Using massive inoculations of 
250 cc of blood BaffaeJe (1937a) found the 
blood of a naturally inoculated vivax 
patient infectious as early as the fifth day 
after inoculation Thesf* observations in 
dicate that it is unlikely that any tropbozo 
ites of P vita* or P falcxparum are in the 
blood stream earlier than the 5th day subse- 
quent to natural inoculation This is 
strong evidence against the view that sporo 
zoites directly initiate schizogony and 
perhaps expUms the general failure of all 
efforts to confirm the claim of Scbaudinn 
(1902-03) to have observed the penetration 
of erythrocytes by sporozoites tn t»<ro 
The facts just related give support to 
James’ (1931) hypothesis of the existence 
of a hitherto unrecognized fixed tissue cell 
stage intervening between the sporozoite 
and the trophozoite which was suggested 
ID an eodeavor to explain why quinine is 
not effective as a causal prophylactic 
The criteria by which the termination of 
the incubation penod la recognized do not 
usually comcide although as seen from 
Table IV, they usually vary directly with 
each other The extent to which they do 


TABLE in 

Saown>o TEre RttATioK Betwzzv Tut LtHorn or xae Inccjatios Pesiod act the Numbes or 
Intected MosqtjjTOEs Aptlied (SroEozorrs Bosioe) Katuxallt Ihudcso Muasia 


PBiuite 

1 

Notstberof 
infected 
moaqiutoes ' 

1 PsTs ftomuKKolation to first detection of parasites 


1 

fi 

5 

7 

8 

1“ 

13 

17 

18 

32 

23 

27 

J Total 

P max 1 

1-5 j 





as 

74 

S 



1 1 


6-10 


_ 



33 

7 




40 


11 + 





3 

2 




4 


1 Total j 

0 

0 

0 

0 

74 

82 

9 
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37 
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_ 
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TO 

Si 

- 


_ 

96 


INFECTION 


THE HkTEBUISIlTE HOST 


169 


TABLE VII 

Strain Vabjatiovs in the LEhorn or the ImuNSic Ivclbation Period or P faiexparum. 


strain | 

DaytlofiiatteTcrof 100 F | 

l!e.» 

0 7 8 9 10 11 1 13 14 IS 16 17 18 + 


Coker 1 

Long — - 

1_ 141 14 4771 2 

111 - 11 3 34 9*4 6 S 1 3 

i 

100 

131 

1 9 


TABLE VIII 

Strain \ amatios is the Lenqth w IimBistc IncnSAnoii Pmoa or P aavoi 



1 Days to first fever of 100 T 



6 7 

’ 8 9 10 

11 

1 13 11 IS 16 17 

IS 

19 

20 

214 

Tot 


Madagaaeai 

3 ( 

1 16 34 60 

59 

96 99 109 78 6 SO 

9 

16 

13 

14 

746 

13 6 

MeCoy 

“ 

a 7 1 

40 

33 43 32 23 “3 15 

10 

S 

4 

4 

254 

13 6 


After jRm«( (1931) 


nance ere eqaal On the other band the 
indigenous Dutch strain previousl; men 
tioned IS stated to have a normal men 
bation of from 15 to 30 days mth an 
average length of 21 days (de Buck 1936) 
The number of merosoites formed at 
sehiEogony -taries mth these different 
strains of P vitox as foUom 

liIadRgaecar At 17-18 (Swellengrebel and de Back 
1938) 

Dutcli At lw-13 (Swelleng ebel and de Beck 
1938) 

McCoy At 10 1 

SmuLTANEous Inoculation wi t h Two 
Sfecos or Farasites 
A period of intensified malaria transmis 
810 D is not infrequently followed by two 
epidemic wares The fi«t ware eonsistii^ 
lai^ely of recognized infections with p 
falc%parum is closely connected chronologi 
cally with the transmission period the sec 
ond wave oceurnng m the following year 
IS less obnously related and consists frf 
infections with P ttiax This la exempli 
fied by the data presented in Fig 1 
It has been shown (Boyd and Eitchen 
1.937f) that ancpheliae mosquitoes may he 
simultaneously infected with both P vttax 


and P fa^c^par‘um and can simoltaneously 
transmit both species Neither species of 
parasite present m a simultaneous infection 
appears to exercise a significantly injurious 
or inhibitory effect upon the other (Boyd 
Kitchen and Eupper 1937) 

\7bile both species of parasites are de 
tectable m the blood of patients sunul 
taneously infected at about the same time 
after the lapse of a normal incubation 
period the center of the stage is soon as 
Burned by falciparum as it is the first to 
increase to densities in excess of the mmi 
mal microscopical level while the first 
clinical reaction displays the characteristics 
of the Nlisease which it initiates The ex 
hibitiOQ of qumme at this period so neees 
sary to restrain the exuberant multiplica 
two of P falciparum has a more destnic 
tive effect on the lagging P max which is 
driven down to submicroscopic levels In 
Borne individuals who did not receive a 
great deal of quinine a return of P tittaz 
IS noted after several weeks during which 
tune P falc%parum may markedly declme 
Therenpon clinical activity displays all the 
characteristics of vivai malaria P falci- 
parum may later return to clinical levels 
while P vwax is still abundant, in which 
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(C) P malaria# — * jframa 


Days to 
rise of 
temperature 

Days to detection of parasites 
(prepatent period) 

Total 

23 32 34 3, 

30 

1 1 


35 

1 

1 

36 

1 

1 

40 

- - ^ 

1 

49 

1 

1 

Total 

1112 

5 


or do not coincide in the data given is as 
follows 

TABLE \ 

■Variations ih Incubvtiov Period 



Falciparum 

Viras 

Malariae 

Parasites A ferer 
same day 

10 

52 

0 

Parasites preeeds 

129 

180 

5 

Fever precedes 

16 

70 

0 

No fevsr 

2 

11 

0 

Total 

1S7 

313 

5 


From this table it is to be seen that the 
parasites are usually but not alwa>s de 
tectable on or before the clinieat onset 
Host clinical onsets have occurred between 
the 11th and 14th dajs while attention 
should be especially directed to the pro 
lojjfred intrinsic incubation period of quar 
tan "We have never observed the incuba 
tion periods of falciparum to exceed the 
limits shown in Table IV but occasionally 
we have found longer periods for vivax 
The number of cases of this type which 
we have observed contemporary to the cases 
vvith normal limits are listed in Table VI 
These five cases constitute about 2 per 
cent of the McCoy strain inoculations 
Other strains of P max propagated 
abroad have shown a much higher proper 
tion of inoculations followed by deferred 
onsets Thus autochthonous Dutch strains 
employed m Holland have been followed 
by deferred onsets m 38 per cent of those 
inoculated but when the use of the exotic 
Madagascar strain was begun the proper 


TABLE \ I 

Prcvtsacted Incubation in Siiiple Vivai 
Inoculations 


ber 

Date 

>noe 

Mosquitoes 

Days to 

Lot No pos 

First First 
parasites fever 

106 

12/15/32 

1 2 3 

97 104 

108 

l'‘/15/3-. 

1 2 3 

85 66 

28$ 

6/ 1/37 

S>0 4 

304 30'’ 

305 

11/19/37 

690 4 

280 30'’ 

340 

■ 8/ 1/38 

"47 7 

30 56 


tion dropped to six per cent (Swellengrebel 
and de Buck 1938) 

Autochthonous vivax malaria in Holland 
shovre a high vernal incidence Schuffner 
Korteweg and Swellengrebel (1929) dem 
onstrated that autumnal vivas inoculations 
by lightly infected mosquitoes gave rise to 
clinical attacks m the following summer 
while heavier autumnal inoculations re 
suited m autumnal attacks after 'normal ’ 
incubations which were followed by numer 
ous vernal relapses m the spring (Swellen 
crebej J933) James Nicol and Shute 
(1936) also express the opinion that light 
inoculations with sporozoites are commonly 
followed by protracted incubation periods 
and state that they also occur m persons 
who are under the influence of atebrine at 
the time they art, inoculated Our own 
experience does not suggest that small dos 
age 13 a universal explanation for deferred 
onsets 

The duration of the intrinsic incubation 
period might conceivably show a variation 
with the strain of parasite Thus our 
Coler and Long strains have given the re 
suits listed in Table "V II 
Although the Long strain has shown 
greater unifornuty than the Coker in the 
days elapsing to the first detection of para 
sites (Boy d and lutchen 1937a) the mean 
duration of their clinical incubation periods 
IS practically identical 
The cbnical incubation periods of two 
Tivax strains are shown m Table VIII 
The mean durations of incubation for 
th^ two strains of widely different prove 
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Fio 3 Showing eJui eal attack eapeneaced bj Patent 8 -1133 moenlated on Jnne 1937 by 6 ^ 
guodnmaeu/otixs ainnOtaaeouely infected with both P ciuai and P /aleipantm The chart eovers two 
periods of ebserrat on of 63 and 7 day* It will be noted that subsequent to inoculat on the two 
species of parasites appea ed practically aimoltaneonaly Pise grain doses of quinine were given on the 
15th 16th 0th * nd '*6th and 30lh days after looeolation. Coincident with the dose given on the 
0th P ttcax dinuniahed to aobnucrotcopical levels and was not thereafter noted d ring the £ st penod 
of obaervat on. After the 19th day the clinical attack exhibita the eharactenst es of falc parnm malaria. 
From the 59th to the 66th day intensive qsiBimtat on by 8 nion s method was effected. After an inter 
eat of "^7 days the patient experienced as attack f om P t cox in the following spring (An. J trop 
Med 18 81 ) 


than BIZ months after the moonlatioa This 
meide&ce oi 42 9 per cent is m marked con 
trast to the 8 05 per cent of renewed activ 
ity after six months following simple Tivax 
infection None of the long term recur 
renees took place in patients who expert 
enced Ti\ax attacks immediately following 
the first period of falciparum activity 
although all patients had received intensive 
treatment with quinine (Fig 3) (Boyd and 
Kitchen 1938a) The renewed activity of 
Tivax occurred 235 236 and 282 days re 
spectively after the onset of the original 
falciparum dominated attack or at inter 
vals of 226 174 and 233 days respectively 
after its induced termination 
The experience of these patients appears 
similar to that observed in the epidemic 
situations cited 

The Thmshoijd ob PmooEmc Lcnzi 

The minimal density which trophozoites 
must attain m the blood before a patient 
presents the first symptoms of illness is 
known as the threshold or pyrogenous level 
The density prevailing at this time we 
bebeve should be distinguished from that 


which may prevail during the subsequent 
ccrarse of the illness and infection Hoss 
(1910) one of the earliest who considered 
tins question estimated that the para 
sites will not generally be numerous enough 
to eause illness unless there is at least 1 
parasite to 100 000 erythrocytes that is 50 
parasites in 1 cmm of blood or 150 000 000 
m a man of 142 pounds (64 kg) in weight 
It would require on the average a 15 minute 
search of a thin smear to detect a parasite 
at this density 

Assuming that the first elevation of tern 
perature to 100 P or higher marks the 
clinical onset we (Bovd 1938) have ob 
served the parasite densities at the time of 
onset m induced vivax malaria shown m 
Table IX 

It IS thus seen that P tiiax may induce 
a cluneal reaction with densities of 10 or 
fewer trophozoites pet cmm of blood re 
gardless of the manner in which the attack 
was induced It is to be further noted that 
the greater the disparity between the first 
detection of parasites and the first fever 
the higher will be the pyrogenic level The 
works of other observers cited by Smton 
etal (1931) lead them to suggest that there 
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ummmmmt. . 

■■■■■■■■■■■■■■■■■■I 

■■HaaBBBnBBaBHHBl 

eassBBBaiBaBBBaanl 

BBBBSiiBBiBBBBBBBBBl 


inMBMnBIBBgBaBBBnBiaBIISBiaBBBaiB MBl 

ijBBmBBiBaBiiiBiaBBBiaBnBBBiaBaBBiiiiBl 


Fid 1 laeidence of miiuia. infection during terenl eonaecutiTe ^eara udod^ rmploTeei of tbe Tmaea 
»e« Vtlle7 AnUiontj Actire truumueion of ufoction U to be inferred during tbe Sret rear (1934) wtiea 
p fainparvn dominated tbe picture The rue in P tii>az]n 1935 and 1936 ii aacribabSe to tbe aetiTation 
of infeetiona acquired u 1934 (Coortetj Ilealtb and Safety Fmsion, Teaneseee Vnller Antbontr } 


evefit it 11 difficult to determme the respon Our eeries of seven cases of sunultaneons 
Bibilitj of either parasite alone in the con inoculation vras notable for tbe climcal 
tmuing lUnesa (Fig 2 ) activity of wax m three patients more 



Pio 2 Sbomng Clinical Attack Experienced by Patient 8“0-1085 Simultaneously Inoei^led on May 
29 1936 by 16 Quadjimacnlatne Infected with P nrax and 17 Quadnmaculatns Infected with 
P faJupOTum 

Tbe chart eoTcrs a period of obeerratwn of 156 day* The upper portion represents the 
tnro cuTte the black bar* in tbe same portion repre^nt the degree of splenomegaly obserred The 
Kr portion with wmiloganthmic ruling repre^nt, the daily parasite counts of 
«»7oer cubic millimeUr the lower line of wbieb repreaents a count of 10 per cubic 

26tb days giren. On tbe 90tb day a tingle dose of 10 gr^s was 








Fia 4 SlMwisg tbicc dajs of tho qaoC d an cluueal attack experienced bj Patient ISS infected with P 
vieiu Fenodj on wh ch the temp lature ranged within normal I nuta are ehown bj aobd lines the elera 
t one on tbe let and 3d days (dotted lines) are doe to the multiplication of the eame cjcle of parasites 
that occurring on the 2d daj (dash line) is doe to a second ejeie maturing on alternating da^s Tbe 
abort bar shows the relation of tbe period of the ngor to each febrile paroxysm. Beneath are ehown a 
few representat re parasites sketched from blood smears taken at each four hour interral when the 
temperature was obseitcd grouped according to the relation of their sporulation to the corresponding 
paro^sme 

eipenences a febrile paroxysm and will ysms even when the patient was inoculated 
experience further paroxysms on subse on only one occasion The occurrence of 
quent days as each further generation ma two or more cycles or generations thus can 
tures If the infection is dominated by not be attributed to inoculation on sueces 
but a single generation of P vivaz or P aive days In the case of quartan infection 
molartae the paroxysms will recur at ter a third cycle must arise in order to produce 
tian or quartan intervals More commonly quotidian paroxysms If the time for the 
patients experiencing an mitial infection maturation is either less or more than 24 
with vivax present two generations matur hours it will be noted that the successive 
mg on alternate days which will produce paroxysms do not recur at the same hour 
quotidian paroxj sms It is important to bnt either regularly anticipate or postpone 
note that vivax infections are cominonl} A clinical attack of either disease char 
initiated by mlermitlent quotidian parox aeterized by quotidian paroxysms may ah 
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PlSiSm DtNSm AT THS TniE OF CUKICUi OHStT OT PUKAftT IKITJCO VlVAJ JliilStA 


Parasite 

laeeulancB 

Paranteaper 
£Bi2B OB day Jat 
elevation c£ 
teiap 

Onset 
preredmg 
deteetioa 
otpan 
aitea 
in days 

Onset 
and para 
utes on 
ttusa day 

Parantea ^rst ohsemd 
OB differe&t days pra 
ceding onset 

Total 

i S 

1 

2 

3 

4 

6 

d 

7 

P ittftfi 

&lo«qaitoes 

iewe» than 10 

, 1 

5 

10 

- 

1 








11-50 

- _ 


S 

6 7 
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1 






51-100 

- - 



3 S 

3 








lOl-oOO 

_ 



1 3 

1 





6 



501-1000 

- - 












Uore than IDOO 

.. _ 





. 







Total 

0 1 

5 

12 

16 11 






66 


Blood 

Pewev than 10 

2 

wM 



2 








11-60 

_ 

9 


_ 1 









51-100 

.. 












lOl-uDO 

- - 



S - 



, 






601-1000 

_ 












hlore than 1000 


IHj 


- 1 



I 

1 

1 




Total 

0 1 

Oil 

H 

3 i 

4 

3 

1 

2 

1 

20 


la not s cOQstaot pyroscQic threshold for 
fill strains of this parasitr 

A sliU higher threshold is observed at the 
onset of relapses in chronic infections 
Thus studies bv Sinton e( al (1931) indi 
cate that under this circuiostance a pyrexial 
level of about 5 000 per c mm prevails. 

Our own experience leads to the view that 
varying susceptibilitv of patients rather 
than varying virulence of different strains 
of parasites is cbieflv responsible for the 
variations m densitv noted at the onset 

The PifiAsms nr Helatiov to the 
SrupTOMs 

The vntennittent and periodic febnie 
paroxysms experienced by patients with 
an active malaria infection ate as first 
shovm by Golgi directly ascnbable to the 
maturation and asexual dmsion of a brood 
or generation of parasites The relation 
ship IS shown in the accompanying figure 
(Fig 4) Smears made at the onset and 
dur^ a lew days shortly thereafter show 
a great diversity m the development of the 
parasites observed at any hour although 
even at this period a majority may be m 


the same stage In this circumstance the 
patient may exhibit a remittent rather 
than an intermittent, fever As the infec 
tioa progresses the parasites for reasons 
not elesriy understood tend to beeoaie 
more closely synchronised so that all of a 
given generation complete their develop 
ment within a few hours of each other 
The generations in falciparum infections 
do not usually become as closely synchron 
jwd as ID lie rase of lie other epeaes 
Several may mature at different periods on 
the same day, thus greatly prolonging the 
duration of the fever which may show 
several distinct peaks 

A schuogonous generation of P vitaz 
and P falciparum requires 48 hours and 
one of P frtoianae requires 72 hours for its 
completion During the growth of the 
parasites the infected person will not pre- 
sent any markedly significant symptoms 
connected with the c'cle "With the com 
plelion of schirogony and the liberation of 
the merozoites from the divided schizonts 
m the shells of the erythrocytes m which 
they were formed the patient provided the 
pyrogenic densitj of parasites is attained 
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Showing utCTTol between temiuntion of primarj attack a d pc lods of renewed elmical aetieitr 
>B ftle paniffi and eieax tnalana (See Table XI) 
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ruptly change to a tertian or double qnar 
tan or the latter may similarly become a 
simple quartan Such changes ate attribu 
table to the partial suppression of the cor 
responding parasite generation The aa 
ture of the mechanism particularlv the 
manner by -which its action is limited to 
one of the parasite generations is not un 
derstood Conversely one may observe the 
introduction of new cycles in a tertian or 
quartan senes changing the attack to a 
quotidian The effect of the new genera 
tion may be manifested either gradually 
or abrupt^ 

The paroxysm of intermittent fever pre 
sents a succession of well defined stages 
It may or may not be initiated by a cold 
stage, otherwise known as a chill or ngor 
This stage is not however, observed at the 
onset of primary infections and it may not 
be evident uutil tbe disoase has continued 
for one or two weeks The cold stage is 
initiated by a sensation of clulhaess rap 
idly progressing to shivering often to an 
extreme degree The skin is pale and 
bloodless while the nails and lips are hvid 
the pulse is weak and rapid, and breathing 
IS fast and shalloie Nausea is experienced 
and vomitmg may be distressing Convul 
sions are not infrequent in children Tbe 
patient wiU usually request all available 
cover Before the end of this period, -which 
may last from 1-3 hours the temperature 
IS already above normal and the patient 
experiences a brief interval of comfort 
The temperature continues to rise and may 
attain considerable elevation permsting for 
1-2 hours The face m flushed, the skin 
hot aud dry the pulse is fnU and bound 
mg, the head usuallv aches and some de 
liTjom may be evident The bed clothes 
are discarded Tbe stage of fever is ter 
minated by the appearance of a profuse 
perspiration, dnnng which tbe tempera 
tore rapidly falls to normal or below The 
patient may feel exhausted but alter a 
bnef sleep awakes refreshed and tranquil 
This stage may fast from 2 to 4 hoars 

The paro:^ram3 of quartan last longer 
than those of vivai and leave the patient 
with a sense of prostration not usually 


observed after the latter In the intervals 
between paroxysms vivax patients will go 
about their usual pursuits Some sporula 
iron wiH have taken place before tbe onset 
of the rigor, but in general the rigor com 
cides with the time of sporulation Most 
of the merotoites -will have entered fresh 
erythrocytes before the end of the hot 
stage 

^though, as shown the initiation of 
symptoms coincides with the maturation o! 
certain minimal numbers of parasites the 
manner m which this process initiates the 
paroxysms has not been satisfactorily eluci 
dated Brown (1912) observed that a soln 
tion of alkahno h^matm injected mtra 
venousJy into rabbits produced a parorysm 
characterized by a short prodromal stage 
a stage of chill and rising temperature 
and a hot stage Be concluded that the 
bnman paroxysm is at least in part, refer 
able to toxic action of this pigment In 
this connection it may also be mentioned 
that the studies of Siston and Ohosh 
(Obo^ and Kath 1924) indicate that the 
baemasom of F knovlt$\, whose pigment 
has been studied most istensivelv appears 
to be identical with hematm The rise m 
the plasma potassium level which occurs at 
the time of aporulation of the parasite 
has been studied by Zwemer, Sims end 
Coggeshall (1940) It is not clear -whether 
the rise is attributable to the release of po- 
tassium from parasitised erythrocytes or 
has been liberated from body cells in gen 
eral That the high potassium -values may 
be causably associate with the rigors os 
indicated by the observation of Beeson and 
Hoagland (1940) that the intravenous m 
jectioQ of 10 CO of a 10 per cent solution 
of calcium chloride will effect an almost 
instantaneous cessation of the rigor In 
view of the relation of the adrenal cortex 
to the maintenance of a potassium equih 
bnum continuation of these studies may 
have extremely significant results Abrami 
and Senevet (1919) suggest that the par 
oxysm in part at least is an anaphj lactic 
reaction resulting from the sudden libera 
tirai into the plasma of the protein of burst 
parasites They point out a parallelism 
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TABLE XI With SIX Other strains only one (4 7 per 

Ehatws EEsquiaicY of Bshewed Acxivrrf a* cent) had a secondary attack (Bojd and 
DnnKZNT Intervals Foixowno Tebmina Kitchen 1937d) 

ra»orP«aii.»AmcK (P.o 5) observ Mions On the freqnenej of 

secondarj attacks at \arying intervals sub 
sequent to the termination of the primary 
attack are shown in Table XI 
While the falciparum observations cited 
from James Nicol and Sbnte (1936) are 
not strictly comparable with our own prob 
ably due to the use of different criteria 
for distinguishing the termination of the 
primary attack the data as a whole never 
theless present an agreement in certain 
essential characteristics It will be noted 
that renewal of activity after the lapse of 
24 weeks is more definitely a characteristic 
of vivax strains than of falciparum strains 
while the Mew W orld strains have exhibited 
inevitable when the attack is interrupted a decidedly less frequent tendency to be 
but not followed by intensive treatment come reactivated after long intervals of 

It 18 interesting to note that the exotic quiescence than have the Old World strains 

strains in the bauds of James have shown While it is likelv that our criterion of 
a much higher proportion of secondary at the end of the primary attack is based on 

tacks even when intensively treated too short a period of quiescence which 

The extent to which this charactensUc might better be marked by a three week 
may be related to the strain of parasite is interval it appears unquestionable that the 
shown by the occurrence of secondary at secondary attacks occurring within 8 and 
tacks in 68 (45 6 per cent) of 149 patients perhaps even 12 weeks of the termination 
moculsted with the hlcCoy strain of P of the primary attack are really a direct 
ttioi while of 21 other patients inoculated continuation of the latter 
TABLE XII 

P V vaz Intestal Elapsikq rsou tb* Enk or thi Pbiu abt Attack to Vabioub Pexiods or Rekewed 

ACTIWTT IW BELATION TO TH¥ LBNOTH or THE PBIUABT ATTACK 
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between certain pbenomena ■wiudi precede 
the ngor and the reaction or “haemoclasia 
resulting from the inoculation ol certain 
foreign substances These include a low 
ered arterial tension, leucopenia dimuiu 
tion in the number of erytbrocjdes and 
changes m toagulabiUty of the Wood 

Rewkwed CuMCAn Activitt 

llalanal infections, even when untreated, 
frequently almost characteristically, pro 
duce a senes of clinical attacks separated 
by varying periods of quiescence The first 
period of clinical activity following inocu 
lation IS known as the primary attack while 
the subsequent periods of secondary activ 
jty depending upon the length of the 
jatenal between the termination of the 
pnmarj attack and the reactivation are, 
following James variously designated as 
(a) recrudescence— renewed activity 
within 8 weeks (b) relapse— renewed ac 
tivity within from 8 to 21 weeks and (c) 
recurrence — renewed activity after 24 
weeks 

There is no certain criterion by whidi 
the end of the primary attack may be reoog 
nized "We have arbitrarily considered that 
the beginning of a quiescent interval at 
least eqnal to the suppression of two com 
plete consecutive parasite cycles (5 days) 
marks ita end We have however reasons 
to believe that with vivax infections at least 
an interval of three weeks would be a surer 
criterion 

The duration of an uninterrupted pn 
mary attack in a highly susceptible person 
as well as the duration of the quiescent in 
tervals before secondary clinical activity, 
vanes with the apecies of parasite while the 
likelihood of secondary attacks may vary 
with the strain Thus we ha\e observed 
vivax patients to have an unbroken senes 
of quotidian or tertian paroxysms for mote 
than 60 days quartan patients to have 
quotidian, double quartan or simple quar 
tan paroxysms for more than 300 days and 
falciparum patients a course lasting for 
more than S5 dais In vivax infections 
we have not observed secondary attacks 
•when the primary attack exceeded 48 days 


m duration, while thej ma> occur in fal 
ciparum infections in which the primary 
attack attains the maximum duration 
These infections can maintain themselves 
in a chrome latent condition for indeter 
minate periods following the permanent 
cessation of clinical activity It is impos 
eible to assign even approximate limits to 
their persistence but it appears that it is 
ahortest for falciparum and longest for 
quartan which latter may persist for ev 
eral jears It is important to note that 
artificially induced infections m human 
subjects do not exhibit the chronicitj which 
characterizes the naturally induced infet 
tions although artificially induted avian 
infections appear to present a chronicify 
comparable to the naturally induced The 
stgQificanee of this will be considered later 
The frequency with which secoodary 
clinical activity has been observed subse 
queot to natural inoculation is shown in 
Table X 

From this table it is seen that secondary 
attacks occur in a considerable proportion 
of patients whose primary attacks termi 
nate spontaneously They are ver\ nearly 
TABLE X 

Fei^uiHCT or Szcosoaxy ClIkicao Acrmrr w 
BELinoN TO Uammxb OF Tmviviirov or 
TUB Pkiicaky Attack 



j Per cent with aeeondaty attacks 

Ternunatian 
ot prunaiy 

P vivoz strains 

P faletfxtmn 
strains 
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Van Van 
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iritbout sob 
sequent treat 

58 0 

4‘>5 

tndaced, bnt 
entbout sub 
sequent treat 
ment — 
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1000 

: fis« — . 

Isdneed With 
subsequeot 
trestineat — 

2^0 47 4 

8 3 eo«» 
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case of 6 of the 11 patients who expen 
enced renewed activity in from 8 to 24 
weeks The effect attributed to our use of 
quinine m the patients simultaneously m 
oeulated with two species of parasites may 
be recalled This suggests that recurrentes 
after the longest intervals may be related 
to the prematurely early administration of 
a drug 

It is thus seen that in vivax malaria 
there is a strikmg parallelism as pointed 
out by James (1931) m the length of the 
mterval between inoculation and onset in 
those patients who experience protracted 
incubation periods and the length of the 
mterval between the termination of the 
primary attack and the beginnmg of a 
recurrence lu this connection we may re 
iterate that long term recurrences are only 
observed in naturally infections the dim 
cal activity which marks the termination of 
the period of quiescence is most commonly 
observed in the spring and they are fre 
quently observed in patients who were 
receiving a plasmodicidal drug at the tune 
of inoculation or shortly after the cbmeal 
onset 

In this connection we may also reiterate 
the following significant facts previously 
brought out the failure to observe the 
penetration of erythrocytes by sporozoite 
the non infectiousness of the blood foe sev 
eral da>s following natural inoculation 
the inability to shorten the duration of the 
intrinsic incubation period by the employ 
ment of massive doses of sporozoites 
and the complete elimination of an meu 
bation period following massive doses of 
trophozoites 

These facta are not inconsistent with the 
hypothesis of the existence of a stage of 
the parasite living in fixed tissue cells 
which intervenes between the sporozoite 
and the trophozoite the development of 
which may either be retarded or inhibited 
or narcotized by a drug 
Added interest and significance is af 
forded this view by the recent discoveries 
of an exo erythrocytic schizogonj in several 
species of avian malaria parasites In P 
galhnaceum m which this stage has been 


most extensively studied the exo-erythro 
eytic phases are passed in endothelial cells 
Accordii^ to James (1939) thej are ob 
served subsequent to either natural or 
artificial inoculation However subsequent 
to the former inoculations they are observed 
at the onset m the latter only at a late 
stage of the disease He consequently con 
eludes that in this parasite the stages of 
schizogony can alternate between erythro 
cytes and fixed tissue cells It seems very 
probable that something similar occurs with 
the human parasite subsequent to natural 
inoculation Since chronic infections do 
not follow artificial inoculations with the 
human parasite while they do with certain 
species at least of the avian parasites it 
u suggested that in the human infection 
this stage only follows the sporozoite 

DUONOSIS 

Although many eases of malarial mfec 
tion presenting the characteristic symptoms 
of intermittent febrile paroxysms regu 
larly recurring at quotidian tertian or 
quartan intervals can be diagnosed with 
reasonable certainty from the symptoma 
tolc^ the diagnoses for those patients in 
whom the fever is remittent or the parox 
ysms irregular m whom the onset 13 
accompanied by alarming symptoms of a 
dangerous portent or in whom the mfec 
tioD has become latent must be based on 
the demonstration of the parasites in blood 
smears Additional clmical sigus obserr 
able as the infection progresses are an 
enlargement of the spleen and a progressive 
anemia 

The praatitioncr or clinician is most often 
concerned with the diagnosis of clinically 
active infections in individual patients 
the epidemiologist or malarlologist with 
the recognition of latent infections among 
a population group 

Objective criteria of varying value for 
the diagnosis of malarial infections are 
afforded by (a) The detection of parasites 
in the hlood (b) the detection of spleno- 
megaly (c) changes in the normal hema 
toli^cal picture (d) serological tests and 
(e) biochemical tests 
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Pmpdof , 
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Qmescest weeks 

Quiescent more than 21 weeks 

Winter Spnng‘ SuouBer Fall Tot*! 

Winter Spnog Smnmer FaU Total 

Wiflter _ 
Spnog 

SnioiBer 

PaU 

Total 

1-1 

- - 2 4 6 

- - - 1 1 

2 1 _ _ 3 

8 1 3 5 11 

2 i 2 1 3 

- 4 ~ _ 4 

1 2 2 _ S 

3 7 2 0 1 


Another feature of interest jd relatioc 
to these long tena reonrrenees is shown m 
Table XH 

It ts to be noted that we have not ob 
senred long term recurrences sobsequent to 
artiScial inoculation It may he menttoned 
that neither Torke aud Jtacfie (1924a) nor 
James (1931) hare obsemed renewed ac 
tmty following the termination of at 
tacks induced by artificial inoculation 
after periods of quiescence of more than 
e weeks duration 

The season in which renewed actinty 
after a long quiescence has occurred w com 
pared with the season of inoculation m 
Table Xni 

It IS thus seen that renewed actmty has 
in our experience less frequently followed 
inocolfttiona made in the winter months 
than those made at other seasons. It 39 


interesting to observe that most secondary 
attacks after the longest intervals of qnies 
ccncc have occurred in the winter or eprmg 
The longest interval we have observed be 
tween the temination of a pnmafy mvax 
attack and a secondary attack has been 394 
daja 

These long term recurrences present 
another feature of interest as may U seen 
from Table XIV If we assume that re 
newed activity within 8 weeks of the temn 
nation of the primary attack may be re 
garded as essentially a part of the latter 
and group our cases accordingly it will 
then be noted that either the primary attack 
Of an early secondary attack had been in 
terrupted in all patients who experienced 
clinical activity 24 weeks after the term) 
nation of the primary attack and that 
jDter/erence had also been practiced m the 


TABLE XTV 

Baowiso mt Ujoaiax n Which tbe Pkjiust ATtacx aho Eixc-r Beoosipait Amcxs Wzae Tts 
UIKATEt> IS CaaTATf CaBXS 01* Vl»AI lIlLAXU WHO STJasIQOX’fXLT EXPeMSVCtO 
Lova Ttetf SecvnescsB 


TeraunatJoa 
of pntnaty 
attack 

I , 

1 PtirAUcmof 

1 cnguttl at 1 
1 Uck (dajv) 

! i 

BceradeaeniM 
0-7 weeks 
tcniuBatioo ; 

Peraotia 
vittire> 
Ispmaia 
8- 4 

Fremuf 
recndcMenea 
0-7 weeks 
tenmnatioa 

PTtnpm n 
lapse a-‘»4 
weeks teruu 
nation 

Eecar 
tencea 
after 24 



Bpoat. ladoeed 

Spent Indneed 



1 7-20 

mgammamm 

1 ^ ' 

_ 

- 

- 

Bpontaflcoaa 

21-41 
Orer 42 

1 

1 



- 


7-20 

I 

i 

S 

X 

8 

Indoced 

21-41 

Or«r4 

; ^ ® 

a 


- - 

- 



















INFECTION OP THE INIKIMIDUTE HOST 


181 


ceeded while in falciparum malaria no 
limi t IS apparent In the latter infeetiona 
counts of 500 000 per cmm are a bad prog 
nostic sign 

One possible factor at least in determm 
mg the potential density would appear to 
be the available numbers of erythroeytca of 
different ages for which different species 
of parasites appear to show a specific pre 
dilection Thus the studies of lutchen 
(1939b) mdieate that P malanae prefers 
matur or perhaps even aged erythrocytes 
P faletparum is mdifferent to the age of 
the erythrocytes it attacks while P ttvax 
prefers reticulocytes As might be ex 
pected therefore the rate of blood desttuc 
tion IS most rapid in falciparum infectiona 
and slowest m quartan In the former 
rapid blood destruction may conceivably be 
a factor in producing a fatal outcome as 
a consequence of an anoxemia On tbe 
other hand clinical activity m vivax tnfec 
tions frequently comes to a spontaneous 
cessation when the erythrocyte density » 
lowered to the neighborhood of 1750 000 
with 6 grams of hemoglobin In the attacks 
of longest duration restoration of erythro 
cyte density and hemoglobin is evident 
before the termination of the attack Resto- 
ration of the former proceeds mote rapidly 
than that of the Utter 
The anemia does not present distinctive 
characteristics A moderate degree of ani 
Boc 3 ^osis will be observed while tbe color 
mdex IS variable Evidence of regenera 
tion of erythrocytes afforded by the pres- 
ence of reticulocytes and normoblasts is 
quite constant in acute infections Since 
the iron from the destroyed cells is retamed 
m the body the anemia is not bypoehromic 
Individuals who experience a protracted 
chronic relapsing infection may develop an 
intense anemia probably of an aplastic 
character 

Less striking but nevertheless noteworthy 
changes occur among the leucocytes In 
general particularly m the apyrexial mter 
missions these infectious are characterized 
by a leucopenia although at the tunc of 
a paroxjsm a slight leucocytosis is evident 
Furthermore m the intervals between 


paroxysms there is noted a marked increase 
in the proportion of cells of the mononii 
clear varieties so that they fluctuate id 
lersely with the temperature During these 
intervals the polymorphonuclear leucocjtes 
decline from 70 to 50 per cent of the total 
leucocytes while the mononuclear leuco- 
cytes rise from 25 to 45 per cent or even 
higher The mcrease is most evident in 
the monocytes As a paroxysm declines 
much ph^ocytosis of pigment by poly 
morphonnclear leucocytes may be observed 

(d) Serological methods Serological 
methods of diagnosis are still in tbe expert 
mental stage One of these based on tbe 
fixation of complement appears to be of 
promise and will be discussed in the section 
on humoral immunity (q v ) 

(e) Biochemical methods In 1927 
Henry assuming that the melanotic and 

ydlow ferruginous pigments formed in 
tbe tissues of malaria patients might either 
give rise to tbe formation of specific anti 
bodies or disturb tbe colloidal state of the 
serum so as to impart to it certain flooculat 
mg properties reported on certain tests 
designed to reveal such changes These 
were designated as the melano-reaction and 
the ferro-flocculation tests respectively in 
which owing to the difficulty of securing 
true malaria pigments choroidal melanme 
and certam organic iron compounds were 
employed as antigens Tbe latter test 
soon fell into disuse hut reports on the 
former indicate that it merited some con 
sideration It has however attracted but 
little attention m this country 

As originally devised, choroidal melanin 
secured from ox eyes was used as antigen 
but difficulties m securing a uniform sua 
pension led Greig van Eooyen and Hendry 
(1934) to modify the test so as to employ 
melanin pigment extracted from human 
haiT 

The demonstration that melanm and or 
game iron compound were antigemcally 
inert with the observation that positive 
melano reactions were secured from the 
serum of patients ill with other diseases in 
which neither of these pigments were pro- 
duced plus the further circumstance that 
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(a) The deiecUon of parasUes The de 
teetjaa ot the parasites jn a blood smear 
IS mcoatestable proof of the existence oC a 
zas^ansl la/ectJon Eicepting" for a period 
of a few days to a week subsequent to the 
elimoal onset of aa attack in sns 

ceptible untreated patients they arc more 
OT less resdJj' detectable oa atceosMpical 
exammstiDn of blood smears taken during 
an attack. As elmical aetmty duBuushes 
and the infection becomes latent their nuin 
bers gradually dimmish to snbmicroscop 
ical levels. The importance of the subject 
jnstifies Its separate coasideratioa in an 
independent section (g v ) It is deplored 
that the method is sot more widely used 
by medical practitioners. 

In order to facilitate the detection of 
parasites when their density is too low to 
be rcTcaled m ordinary thick smears 
various procedures have been devised which 
can only be brieJJy meuUoned Bass {3935) 
developed a technique by which the para 
sites m 10 cc of blood were coocestrated by 
centnfagatiou at the top of the blood 
column, from which thick smears were 
made The culture technique of Bass 
(1912) as modified by Thomson and 
Thomson (3913) mat tunes used by Indian 
clinicians to aid in the detection of para 
Bites (Knowles and Senior White 1927) 
Reliable means to reactivate latent infec 
tions, either to facilitate diagnosis or to 
prolong therapeutic infections are not 
available The administration of different 
drugs for this purpose shows that the re 
eponses evoked in general fall into two 
classes Some anch as epinephrine bydro- 
cMonde and amyl nitrite may produce an 
increase m the camber of parasites in the 
peripheral circulation within a few hours 
of icir edmuustration. Since the time 
elapsing until tie increase in density w 
observed is too abort to attribute this result 
to thetr multiplication they mast have been 
expelled from, some viscus. The adnunis- 
tration of others such as tubercnlm and 
typhoid vaccine may bring about a gradual 
nse extending over a period of several days 
indicabve of multiplication The circum 
stances suggest that m the latter case the 
immune mechamsm baa been depressed 


The most reliable means of ezeindmg 
the existence of an otherwise undetectable 
latent infection is to submocuiate a sus- 
ceptible patient witfa 10 or more cubic 
centimeters of the blood of the patient 
suspected of being infected The oppor 
tonities to apply this procedure are limited 
to tastitutians -where tna/arial tiierapy is 
practiced 

(b) Splenic enlargement or spUno 
meg^y Enlargement of the spleen may 
be detected by palpaticin withm a few days 
after the clinical onset The rate of la 
crease in sire is more rapid m persons who 
have some degree of immunity, while the 
degree of enlargement w roughly proper 
tional to the duration of the clinical attack. 
On cessation of the clinical attack, particu 
larly if interrupted by treatment, the cn 
lai^cment rapidly diminishes and may al 
together subside The persistence of ca 
largeaenl imphfs the continuance of a 
latent infection and the probability of 
relapse Jhirther enJargement will follow 
a renewal of clinical activity (Boyd 1930b) 

(c) Senatologxecl ehsngti The hema 
tological changes are significant from the 
standpomt of the ^unptoms exhibited, but 
at the best only supply information of 
indirect or inferential diagnostic value 

An may be expected m an infection the 
parasites of which prey on the erythrocytes, 
malarial infections are characterized by 
marked destruction of red blood cells and 
of hemoglobin Consequently anemia » a 
prominent symptom Rate of destruction 
vanea with the species of parasite and is 
often inore»rapid than can be explained by 
the assumption that each parasite m the 
course of its growth exhausts only a single 
host ceU. Some of tins discrepancy may 
be explained by the phagocytosis of both 
infected and nmnlected erythrocytes in the 
aplcme pulp while hemoly&is also may 
occur 

The different parasites usually vary 
materially in the maximum density which 
they ordinarily attain and hence differently 
mSuwcc the rate of destruction The 
densities m quartan are usually the lowest, 
rarely reaching 20 OOO per cam m vivax 
malaria 50000 per emm is but rarely ex 
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\ rvAX malaria due to infection by Plat 
modium tiiax is the predominant malarial 
fever in temperate endemic zones The 
terms tertian malaria or benign ter 
tian malaria bv irhich it is commonly 
known while descriptive in so far as the 
cycle of the parasite is concerned are per 
haps unfortunate m that they do not tend 
to give a representative impression of the 
cbnieal course 

Objective STiiPtoMs 
During the incubation period there are 
so objective symptoms unless one accepts 
the first detection of parasites m the penpb 
eral blood smears as marking the end 
of the mcuhation period In the experience 
of Boyd and Stcatman Thomas (t934c) this 
most commonly occurred on the 13tb day 
following inoculation In some mstances 
this marking point occurs a few days fol 
lowing the cluneal onset 
Peter Fever of 100 F marking the 
clinical onset is usually not observed be 
fore the 10th day after natural inoculation 
If however a large number of infected 
mosquitoes has been used to inoculate a 
patient (as has been done in the admm 
istration of therapeutic malaria) a tern 
perature of 100 F or higher may appear 
as early as the eighth day 
The first objective symptom to appear is 
a fever of about lOQ F or above whueb 
occurs within 1 to 3 days preceding or fol 
lowing the first appearance of P mvax in 
the blood The fever may be continuous or 
remittent over a period of 1 to 3 days 
(initial stage of James 1926) or may be an 
mtermitten quotidian or rarely followup 
the onset tertian No chills occur dnnng 
the period of continued fever In P tttax 
infections unlike P falciparum infections 
a period of eontmued fever is rarely seen 


excepting at the end of the incubation 
pen^ The intermittent febrile paroxysms 
mav assume a variety of sequences quotid 
lan fever being followed by tertian a senes 
of tertian changing to quotidian even iso 
lated quartan intervals have been noted 
In patients exhibiting the eontmued quo 
tidian and tertian fever these generally 
follow one another m the order named 
The fully developed paroxysm consists of 
the three idassical stages namely the period 
of chill or rigor the pyrexial stage and 
the sweating stage or period of deferves 
cence Only rarely is the first paroxysm 
preceded by a chill In the majority of 
patients 5 or more days of intermittent 
fever occur before the ^st chill is experi 
eoced A peak temperature of less than 
102 F Is rarely preceded by a chill Onset 
of an attack by a paroxysm attended with 
a chill suggests either (a) that the attack 
represents a relapse or (b) that the patient 
has bad previous experience with malaria 
The paroxysms may occur at any time 
of the day and those due to the same para 
site cycle may recur at approximately the 
same time However by anticipation or 
postponement those of one cycle m succes- 
sive paroxysms may occur a short time 
before or after the hour of their immediate 
predecessors Thus a certain cycle may gam 
or lose 24 hours or more over a period of 
tvnift "When the parurysms are quotidian 
sometimes those of one cycle may occur in 
the morning and those of the other in the 
afternoon When the fever is quotidian 
rigors may accompany only one cycle and 
thus may be experienced only every other 
day As the clinical course contmues the 
duration of the ngor may increase from 5 
minutes to an hour although 25 to 40 
minutes is their usual duration 
In nearly all mstances in which the cim 
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positne sera became negative after expo 
sure to heating to 55“ G for 30 mmntes 
indicate that the reaction does not have an 
antibody basis On the other hand several 
observers have noted a parallelism bct-ween 
the melano reaction and a fioceulation in 
mixtures of serum and distilled •water 
Observations by Chorine and Gilher (1934) 
indicated that the substance flocculating m 
distilled water is water insoluble euglob 
ulin, probably associated with other sub 
stances such as cholesterol lecithin and 
uric acid of low water solubilitv It thus 
finally appears that the reaction of Henry 
IS due to a disequilibrium of serum pro 
terns brought about by an increase in 
serum globubn m which the melauin served 
as an indicator 

Based on these principles Froske and 
"Watson (1939) report a simple colometnc 
test to detect an increase m euglobuUn, 
•which avoids the need for an expensive 
photometer required for the original Henry 
test 'The procedure is based on the fact 


that proteins possess a chromogenic ptop- 
ertj which can be measured quantitatively 
against the color produced by pure lyrosme 
m the presence of a phenol reagent This 
chromogenic value is constant for a given 
protein and the intensity of the color pro- 
duced can be used as a measure of the 
amount of the protein examined Serum 
euglobulm is precipitated from the serum 
to be examined by the addition of 13 5 per 
cent sodium sulphate solution according to 
the method of Howe The tyrosine chromo- 
genic index (TI) is determined by compan 
son with standards prepared from pure 
tyrosine (Pfanstiehl) ’ 

‘The tyrosine index for euglobulm flue 
tuates between 50 and 80, while that for 
serum from malaria patients ranges from 
80 to 280 or higher The test -was found to 
be indicative of the presence of malaria in 
974 per cent of known cases of malaria 
examined as compared with 81 9 per cent 
positive thick blood films examined at the 
same time " 
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that white infants 6 weeks old who were 
infected with P max presented spleens 
reaching to the umhilicns In infants and 
joung children P viia* produces, a greater 
degree of splenomegaly more rapidly than 
in adults After the termination of a P 
max infection (whether spontaneous or by 
use of drugs) the size of the spleen de 
creases rapidly and within 6 or 8 weeks it 
may not be palpable at the costal margin 
even on deep inspiration Persistently en 
larged spleens m P viia* malaria are 
occasionally noted and are indicative that 
the patient will have a relapse 
Malarta eaekexia If we dedne cachexia 
as a condition of wasting and general lU 
health occurring and persisting for months 
or years after an acute illness then ma 
laria cachexia ’ in P tuoz malaria as en 
denced hy obsenations on paretics under 
going malaria therapy does not exist 
Whenever the climoal course is interrupted 
with quinine or when the clinical coarse 
terminates spontaneously the red cell count 
and the hemoglobin return to normal 
within a mont.4 or 6 weeks after cessation 
of the clinical attack The enlarged spleen 
the enlargement of which has varied di 
rectly with the seventy and length of 
the clinical attack, decreases in size except 
in a few cases Other than this transient 
splenic enlargement there is nothing pres 
ent after an attack of P viiax malaria as 
described under malaria cachexia The per 
sistently enlarged spleens found in the field 
are attnbutable to successive infections 
with different species and different strains 
of plasmodia which bring about a Imig 
senes of cluneal attacks 
Instead of a cachetic condition following 
a P viiax attack the opposite condition 
obtains One of the most outstanding 
effects noted following the nse of P vtiax 
malaria for the therapy of paresis is the 
increase in weight after cessation of the 
clinical attack even when the attack ter 
minutes spontaneoudy and antimalanal 
drugs are not admmistered A gam in 
weight of 10 pounds over the weight of 
the patient before malaria therapy was m 
stituted 18 not unusual and in a few m 


stances a gam of as much as 20 or even 30 
pounds has been noted. 

From these observations it appears that 
it IS extremelj unlikely that a cachexia 
due to vivax malaria exists in nature unless 
the disease is complicated ty other factors 
which may of themselves produce a each 
exia such as intercurrent infections and 
malnutrition Emaciation oedema nephri 
tis or secondary anemia are not present 
and subjective symptoms such as loss of 
appetite malaise and lassitude and a gen 
eral condition of nervous exhaustion are 
not met with 

Subjective Sysn>TOUS 

Subiective symptoms mdicative of an 
impending cluneal attack of P max 
malaria are usually experienced before the 
end of the incubation period The first 
svmptoms are vague and may be repre 
seated by insomnia lassitude a degree of 
apatbv loss of appetite and a feeling of 
nausea Some 2 to 12 hours later head 
ache pams in the muscles and jomts may 
occur as well as a feeling of cold These 
symptoms last only a few hours and the 
patient feels weU but these same symptoms 
may reappear at approximately the same 
time the next day This is especially noted 
in the case of the feeling of cold the first 
chill often occurrmg at the hour of the 
day at which this sensation was previously 
experienced 

During the initial stage of contmued 
fever the patient may be extremely miser 
able and experience more malaise than at 
any other tune durmg the clinical attack 
For several days the headaches may be verj 
severe and the rheumatic pains m the 
mnwlcs and joints be extremely painful 
The patient is decidedly uncomfortable 
and he has no respite until the first inter 
mission marks the end of the period of 
ecmtiDued fever 

During the intervals between the par 
oxysms of the clinical attack subjective 
symptoms may be completely absent The 
patient may do his work with a certain 
degree of efficiency and even forget that 
he u llL Just before the next paroxvsm 
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leal attack tenamstes spontaneously tike 
ngors stop before the fever paroxysias A 
progressive declme m the height of the qao- 
tidian or tertian fever peaks is prognostic 
of the imiQinent ce^tion of the rigors, 
further declme m the height of the tern 
perature after the chiUs have stopped fore 
casts an early spontaneous tenaiaation of 
the clinical attach 

Observations made by Kitchen (1940) on 
P vwnz parosysms showed that (1) SO per 
cent of the paroxysms in their patients 
occurred durmg the post mtrtdutn honra 
and 70 per cent from 3 to 9 pm , (2) the 
ma;ionty of paroxysms initiated by ngors 
reached an observed maximum teinperatnre 
of between 104“ and 105“ F, whereas the 
majority of rigorle^ elevations attained an 
observed maximum of between 100® and 
lOj® P, (3) fewer paroxysms exhibited 
ngors in the lighter attacks (4) the maxa 
mum fever expenenced by an individual 
during bis attack is not osually reached 
until about a week after cbmcal onset (5) 
the majority of rigors fell withm a dura 
tion period of 4S to 60 mmutes, and (6) 
over 70 per cent of rigors commenced with 
a temperature of less than 100“ F and the 
largest group (36 per cent) terminated 
with a temperature of between 103® and 
104® F 

Excepting their shorter daratiou, the 
paroxysms of P vtvax infections have little 
to distinguish them from the paroxysms of 
the other two malarial fevers of humans 
The most noteworthy characteristic of the 
P vwcx infection is the rapid improremcat 
in the patients condition withm a few hours 
after the temperature has returned to nor 
mal The average duration of the P vtvax 
paroxysm is shorter than that due to P 
malartae or P falciparum The febrile 
paroxysm has the samev'outlme as that of 
quartan and hut seldom presents the double 
peak often seen m the fewer curve of fal 
ciparum malaria. 

Navsea ond vomiting Vomiting may be 
an early sign of an attack of P vivo* 
mslana The patient may eipcncnce ft 
violent nausea and the attack of vozmtms 
may he almost projectile m nature Tbw 


geoerally occurs a few minutes before the 
malaria paroxysm and ma> recur just be- 
fore each succeeding malaria chill 

JoundtcejsmaehltsseommcjaiaP vitas 
than m P falctparum infections. It is 
seldom seen during the first week or ten 
days of the clinical attack and is observed 
only m patients in whom a high degree of 
parasitiratioa of erythrocytes has produced 
a rapid and extreme anemia Jaundice is 
more apt to be observed m cases in which 
the red blood cell count has fallen below 
2 OOO 000 per cmm within a period of a week 
or ten days, than it is to be seen in cases 
where this degree of anemia has been at 
tended by an acute clinical attack of three 
weeks or mote It would appear that the 
jaundice is due to rapid destruction of ted 
Wood cells and not to biliary obstruction 

Herpes hbtalu is extremeJj' wroaion. 
The herpes ordinarily does not occur ontd 
the clinical course is well advanced Occa 
monally the lesions may be so severe as to 
involve all the oral region and local inter 
current mfeetion may result These lesions 
disappear in a few daya or withm a week 
after the chnical attack is terminated 

Uriuerta is not an uncommon finding m 
P vivox infections and appears 1 to 2 hours 
after the ngor begins It is transient, da 
appearing withm 8 or 10 hours after its 
first manifesUtion and may recur at the 
time of the next paroxysm Its origin u 
not clear 

Oedema In a very few cases of P vttaz 
malaria a pronounced oedema of the legs 
and ankles la observed after the patients 
have expeneaeed an acute clinical attack 
of 2 to 4 weeks duration and the red cell 
count a below two million Ascites does 
not follow this oedema as may be the case 
IB quartan malaria There is no ready ex 
pjanation for this phenomenon which dis 
appears rather slowly, 3 to 4 weeks after 
cessation of the aente clinical attack. 

Spfenw enlarpemenf is not evident until 
the clinical coarse of the mfeetion is well 
established (Stratmaa Thomas 3935) In 
wluto adults the spleen is usually not palp- 
able nntil about 7 days after the first detee 
tion of parasites It was noted m Cyprus 
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Malaria in infancy Young infants are 
early infected witli malaria m endemie 
localities In a highlj endemic region as 
Leopoldville in the Belgian Congo one half 
of the infant moitahty in 1028 ^as due to 
malaria In Cyprus was observed that 
nearly 100 per cent of infants over a month 
old had malaria and exhibited enlarged 
spleens of malarial origin occasionally 
reaching to the symphasis pubis when they 
were two months old The splenic enlarge 
ment is proportionately greater in infants 
under 6 months of age 
The clinical symptoms of malaria and the 
classic paroxjsm is seldom observed in 
children under 6 years In infants and 
jonng children the clinical attach is ush 
ered in suddenly Fretfulness refusal to 
nurse and vomiting may be the first sign 
The malarial chill whi<i is uncommon m 
children under 6 years of age is repre 
sented by a paleness of nails and lips the 
hands and feet ahow the same pallor and 
there is a shrmhing of the skin of the pads 
of the toes and fingers as is seen m adults 
daring a malarial chill The skin of the 
hands and feet is cold to touch and a slight 
degree of cyanosis may be present 
In infants and young cbildren the fever 
due to P vitaz infection is continuous or 
remittent m type rather than of a well de 
fined intermittent form 
A clinical diagnosis of malaria m infants 
and young cbildren is far more diCBcult to 
make than in the adult but examination of 
a blood smear on 3 consecutive days will 
show whether the fever is due to malaria 
Obscure symptoms and convulsions can 
be attributed to P falciparum rather than 
to P viiax and will not be discussed here 
Likewise such sequelae as cachexia pasty 
appearance secondary anemia and mental 
dullness if they ever do follow an acute 
attack of malaria are more probably at 
tnbutable to concurrent hookworm infec 
tion or malnutrition 
Malaria in pregnancy In countries 
where the endemicity of malaria is high 
this disease is credited with causing a 
large number of maternal fetal and neo 
natal deaths and there is no doubt that 


an aente attack of P max malaria during 
pregnancy is preDudicial to women already 
in a poor physical condition because of 
hookworm malnutrition etc 

Spontflueous interruption of a pregnancy 
before term is stated to be common re 
peated cluneal attacks are credited with 
bringmg about miscarriages or premature 
labor and death of the fetus m utero is 
described 

In cases where there is a marked degree 
of anemia due to P max malaria the 
resistance to intercurrent infection may be 
so lowered that the patient de\eIops puer 
peral sepsis It has been stated that women 
with grave anemia seldom reach term and 
if so fetal deaths due to anemia may be 
ascribed to P viva* It must be borne m 
mind however that it w only the acute 
clinical attack and not a chronic P vttaz 
infection that can be incriminated m bav 
mg a harmful effect on either pregnancy 
or the piierperium It is very doubtful that 
a P vtvax infection is a predisposing factor 
m the toxemia of pregnancy Likewise 
there are no data to show that such infec 
tions prolong the time of labor or predis* 
pose to hemorrhage after delivery 

There is good reason to believe that child 
birth may precipitate an attack of acute 
clinical malaria m a vioman with a latent 
P vtiaz infection However the difBculty 
of finding adequate data on this point is 
almost insuperable In the South it is not 
uncommon to find a well informed prac 
titioner who routinely administers qninute 
to the mother shortly before labor and 
during the puerperium in order to pre\eiit 
the development of an acute clinical re 
lapse As in the case of P falciparum in 
fections P vixax can be demonstrated m 
placental smears when no parasites are to 
be found in the peripheral blood of the 
mother It has been stated that malarial 
parasites persist in the placenta and so 
generate a relapse This reasoning is not 
quite clear except that pregnancy itself 
may concenably protect the mother from 
an acute cbmeal attack of malaria just as 
we have observed in experimental trypano- 
somiasis that pregnant female rats survive 
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occurs however the patient usually knows 
he IS going to have his chill ” but a lucid 
description of the subjective symptoms 
which give him this information is difficult 
to obtain A sense of giddiness, nausea 
and feeling of cold is about all that is 
present within 15 to 30 minutes before tiie 
paroxjsm occurs although some hours 
earlier the headache and the muscle and 
joint pains may be ezpeneneed 

Durmg the rigor the outstanding sensa 
tion 13 that of cold The patient s mind 
is not greatly disturbed and he can think 
clearly "When the chill is over there is a 
pleasant feeling of warmth "When the 
fever rises however there is present eu 
phoria and a considerable amount of mental 
dissociation as evidenced by the patient s 
conversation and inability to put his 
thoughts on paper The latter may be 
aggravated by a certam degree of muscular 
incoordination which exists at the height 
of the febnle attack 

The stage of defervescence commences as 
the temperature begins to drop which it 
usually does rather rapidly Perspiration 
occurs durmg this stage and may become 
so profuse as to saturate the bed clothes 
Often the patient will fall mto a refresh 
mg sleep As a rule subjective symptoms 
disappear a few hours after the tempera 
ture has returned to normal and the patient 
feels quite well agam 

It IS important to note that there are 
no subjective symptoms in a chronic or 
latent P max infection After the elm 
ical attack of benign tertian malaria has 
terminated, either spontaneously or by the 
use of qumme the patient enjoys good 
health unless he experiences a relapse of 
which there are few warning symptoms 
more than a few hours before the paroxysm 
occurs 

Charactemstics of the Infection 

The method of inoculation (natural or 
artificial) appears to have some influence on 
subsequent events Boyd (1940b) pomted 
out that m artificially mduced attacks (1) 
the mcubation period is usually shorter 
and may even be elimmated if the dosage 


of trophozoites be large enough (2) the 
detection of parasites m the peripheral 
blood smears more frequentlj precedes the 
initial fever (3) renewed clmical activity 
occurs only within eight weeks of the 
termination of the primary attack and (4) 
when the donor of the trophozoites had been 
naturally inoculated, the subsequent attacks 
m the recipients were usually briefer than 
when the donor had been artificially m 
ocniated 

Other factors may also influence the 
course of the attack These are race resi 
dential environment and season of the year 
Boyd (1934) noted that negroes show a high 
degree of tolerance for P vivax He ob 
served that but 5 of 14 colored patients 
developed infection foUowmg their inocn 
lation with this parasite Furthermore 
only 3 of the 5 developed pyrexia This 
was light m degree and of less than a week’s 
duration These results were in marked 
contrast to those observed m white patients 
moculated with the same mosquitoes 

In areas where P tttax infections are 
endemic the likelihood of a resident con 
tractmg the disease vanes directly with the 
constancy of his exposure It is quite 
common for persons who have spent their 
lives ID such areas to exhibit some degree 
of immunity toward this parasite and when 
reinfected with other strains of the same 
species the resulting illness may he qnite 
mild 

It vvas observed by Boyd Kitchen and 
Muench (1936) that inoculations made dur 
ing the winter quarter of the year were 
followed by a lower proportion of takes 
the latter had longer incubation periods 
shorter courses and renewal of clinical 
activity was confined to an eight week 
period following termination of the pn 
inary attack On the other hand, inoeula 
tions made m the other quarters of the 
year and particularly those in the summer 
quarter were characterized by the largest 
proportion of takes the shortest incubation 
periods the longest clinical attacks and the 
greatest likelihood of renewed clinical ac 
tiTity as late as 24 weeks after termination 
of the primary attack. 
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ditionfi and in the same geographical local 
ity to ascertain with any certainty what 
real difference actually exists If an ae 
curate study is to be made many other 
complicating factors such as dosage of 
sporozoites and age of sporozoites must 
also be considered "We know however 
from practical experience that certain 
strains of P iiiaz will produce a longer 
clinical course in paretics than other 
strains which because of the shortness of 
the acute clinical attack are unsuitable for 
malarial therapy 

Alleged mam/eslalions and sequelae The 
innumerable clinical manifestations symp 
toms and sequelae which have been ascribed 
to malaria are unflattering demonstrations 
of the imagination and credulity of the 
human mind Fortunately for the reviewer 
most of these conditions have been ascribed 
to infections by P falctparum and not to 
P ttvaz and were previously noted under 
malana cachexia 

Cause of death case fatality When 
death occurs from P vxiax malaria the 


anemia due to the destruction of er} 
thro^tes by the parasites must be regarded 
as responsible m nearly all cases Kupture 
of the spleen must occur \ery seldom in 
deed as we have never observed this m 
over 300 patients with neurosj philis treated 
with P tnai malaria The many serious 
complications attending P falciparum m 
fection due to the selective places for 
spomtatum of this parasite are not met 
with itt P vital malana 
The fact that P viiaz malaria has a low 
case fatality has given it the name of be 
nign tertian Some information from 
hospitals where malarial therapy has been 
used indicate that the number of deaths 
range from 0 to 8 or 10 per cent It must 
be remembered that many of the patients 
inoculated were already m poor physical 
condition and often given malaria as the 
last therapeutic resort It is difficult to 
ascertain from hospital records if case 
fatabty vanes with different strains but 
judging from the severitj of the clinical 
courses produced such must be the case 
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longer than non pregnant females While 
It has never occurred to anyone to inter 
rupt a pregnancy because of an acute 
attack of benign tertian malaria aome 
phj^ieiass hesitate to osa qaimae daring 
pregnancy lest an abortion or premature 
labor occur It is the consensus of opinion 
that therapeutic doses of quinine have no 
orytocie effect except, perhaps at term 

Congemial tnalana 'While there « no 
reason to bebeve that the incubation period 
of benign tertian malaria m infants is 
different from that of adults we have no 
exact informatjon on tins point- Taking 
eight dav5 as the shortest tune after mos 
qujto inocnlation that P uiaz can be 
demonstrated in blood smears of adults 
we cannot with scientific accuracy classify 
under congenital malaria P vitca: m 
feetioas observed in children more than $ 
or 10 days old It is of the utmost un 
portasce to inquire if the infant received 
a blood transfusion as m our own cases 
of congenital malaria this was their 
or^m Seemuigly authentic instances of 
P tiiiw infection m infanta under 10 days 
old bale been obsened la these cases the 
child was likely infected with maternal 
blood through an abrasion at birth and not 
infected tn utero 

Duration of infection and reneued ctin 
wcl flctjtity The duration, of an infection 
with P ouoi 13 not accurately known 
Data aiailable from blood transfusion 
records are inconclusive but it appears 
from the best authenticated cases wherein 
p titar malaria was transmitted by blood 
transfusion that the parasite may sUU be 
present as late as 2 j ears after the primary 
clinical attack In this circumstance the 
infection persists in a clmieally inactive 
or latent status It la difficult to appraise 
the effect produced on the host by the 
scantj parasites which persist The period 
of latency or quiescence is frequently 
broken or interrupted bj one or more in 
tervals of renewed or secondary eiijue^ 
activity These secondary attacks mauifest 
all of the symptoms both subjective and 
objective which characterised the primary 
attack. 


The likelihood of renewed elxmeal achv 
appears aceordmg to Boyd and Kitchen 
(I937d) to be more likely with certain 
fitrains of P utax than with othera. 

As the primary attack approaches temu 
nation not infrequently the hours when 
one or more paroxysms are due will be 
passed without elmical activity Not until 
one such period of quiescence has attamed 
a duration of from 2 to 3 weeks is it biely 
that the termination of the primary attack 
has aetuaDy been observed. Thispraeticaby 
inclndes any activity occurring wiliirt 60 
da>a of the onset 

Renewed clinical activity was observed 
by Boyd and Kitchen m slightly more than 
50 per cent of the patients whose primary 
stuck terminated spontaneously and who 
did not subsequently receive intensiTe 
therapy "When tenumatioa of the attack 
was followed by intensive therapy, esses 
of this character have not shown further 
activity Patients whose pnatary attacks 
were interrupted by siaall doses of qumme 
have invariably had a return of eUmcal 
activiQ' unless they subsequently received 
intensive therapy 

According to Boyd and Kitchen, patients 
having pnaary attacks lasting for mote 
than 48 days have not experienced renewed 
climeal activity which has also but rarely 
been observed in persons whose pnioary at 
tack lasted only from 7 to 34 daj-s The 
period of renewed activity is usually of 
shorter duration than the primary attack 
bat it may Bometimes be longer The first 
such period is usually longer than the see 
ond or later periods Some may consist 
solely of a single isolated paroxysm 

T'anution* v.tth strains Variations in 
the virulence of different strains of P 
vttaz as judged by the seventy of cluneal 
symptoms and length of the acute cluneal 
attack have been reported There is only 
8 small amount of tangible endence for 
these conclusions It must be remembered 
that too few first baud observations have 
been made by competent observers m an 
adequate number of patients with the same 
status of lamuiu^ under eoatrolled con 
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mfections may be with a single donble 
or triple arrangement of paroiysms bat 
most frequently with single or double 
The complete quartan paroxysm pre 
sents the three classical stages namely (a) 
the cold or stage of rigor (b) the hot or 
febrile stage and (e) the sweating or 
stage of defervescence 

The cold stage in our experience bas 
most frequently begun with a temperature 
below 100 F Infrequently the tempera 
ture has been subnormal at this time which 
appears to be to a large extent a ebaraeter 
istic dependent upon the individual Oc 
casionally the cold stage has been ushered 
m with a fever as high as 103 or 104* P 
but this is not common This stage is 
usually initiated by chilly sensations gen 
erally beginning in the extremities They 
may then extend in area and increase in 
degree until an actual rigor occurs with its 
accompanying ejanosis particularly of the 
lips and finger nails cold extremities rapid 
and small pulse and quick but bnef respira 
tions Headache may be sei ere 
On the other hand the patients may 
hsie ngorless paroxysms The seventy 
the latter may be confined to chilly sensa 
tions and a subsequently elevated tempera 
ture or there may occur merely a slightly 
elevated temperature Our experience re 
garding the incidence of rigors has been 
almost the opposite of Marchiaf&va and 
Bignami (1901) who state that they are 
not apt to be absent As Boyd (1940b) 
pointed out (a) rigors most frequently in 
itiate simple quartan paroxysms (b) in the 
case of double quartan fevers the rigor 
more frequently precedes only one of the 
two paroxysms and (c) when the par 
osysms are quotidian, the incidence of 
rigors is likewise most often quotidian 
"While as mentioned before the jndi 
vidual paroxysms of quartan infections 
tend to be regular one cannot as a rule 
say the same for their incidence throughout 
an attack. As illustrated in Fig 3 (No 
B-2813) by an additive process a double 
quartan course may become triple (quo 
tidian) in tSTie and conversely by a sub- 
tractive process a quotidian course may 
revert to a simple form Also through the 



Fto i Ko B 814 (P malanae) Postponement 
of one «7cle eventnally resnlts in ts fuiion with a 
•eeond ey^e Xo BtSU (P malorwe) Hew 
eyele appears (I4th Itth etc days) as old cyels 
(15th ISth cto days) duappeais 

substitution of a new cycle for one that 
has dropped out the clinical type (single 
double triple) will remain unchanged 
(Pig 4 No B-2802) The appearance of 
new cycles or the reappearance of dropped 
cycles and the disappearance either of 
original or added cycles has been charac 



Pm t No B -S 4 (JP maJanoe) Nota parorysms 
on 1 th and IStb days with double peaks and later 
further breaking up of the eh ef paroxysms into 
n?e al mino ones (two a day on the ISth and 
tSth days) No B S3- (P malariae) Farastes 
showed extreme ineaaiTeness in this instance, tin 
nsnally high parasite densities Note two parox 
yarns on 1 th and 14th days with terminal xenut 
teney Fatal termination 



THE INFECTION IN THE INTERMEDIATE HOST 
SYMPTOMATOLOGY, QUARTAN MALARIA 

By S F KITCHEN 

UifTSS'TlTIOVAL HULTH DITISIOV SOCKETELLEB rOUKDlTlOW TALLAHASSEE TLA. 

Quartan zaalaria least common of the will usnally occnr dnnn^ a period when 
malarias and uncommon m North America, the parasites are demonstrable m the blood 
shows a number of differences from falci smears inasmuch as the appearance of 
parum and vivax malaria m symptoma parasites m almost every instance precedes 
tology It is more like the latter, howe\er, the clinical onset by at least a few days 
and m this connection, certain charactens The u^ual premonitory symptoms of lassi 
ties of P malanae the causative organ tude anorexia possibly nausea headache 
ism are of interest and ^ague general aching or chilly sense 

Firstly as in the case of P vnax, sponi tions may be present for one or more days 
lation of the mature sehizont occurs at pnor to the onset of paroxysms 
least m part in the peripheral circulation Fever From the clmical aspect quartan 
and therefore there is present much less malana is usually classified accordmg to 
evidence of localized damage to the viscera the arrangement of the paroxysms The 
such as is frequently characteristic of fal fact that the life cycle of the echizont is 
ciparujn infections Secondly this parasite about 72 hours m duration and that there 
requires 24 hours longer than P viiax and may be 1 2 or 3 cycles of parasites sufS 
P falciparum to complete the achizogonons ciently active to produce fever provides 
cycle Thus the evolution of the attack is 3 possible classes The infection may 
slower the density of parasites m the be (a) simple m type exhibiting a par 
peripheral circulation rarely exceeds 20000 oxysm at mtervals of 72 hours or (b) 
per cmm and the marked mvasiveness of P double quartan m which case there is a 
falciparum is not as a rule evident paroxysm on two successive da>a followed 
Thirdly, the schizogonous stages of the by a day without fever then 2 more sue 
parasite are better synchronized than those cessive paroxysms and an afebrile day and 
of P falciparum resulting la great regu bo forth , or (c) triple quartan m which 
lanty of the individual paroxysms such as there occur daily paroxysms 
IS seen m vivax infections Fourthly in The febrile reaction in these infections 
our experience P malanae appears to be is usually one of regular penodicity from 
more toxic in relation to parasite densities the start and the paroxysms as a rule are 
attained than does either P vivax or P distinct although one may occasionally ob- 
falciparum serve that two adjacent paroxysms are so 

In a recent article Boyd (3940b) has re close together that the first temperature 
viewed our experience (5 naturally and curve has not quite returned to normal 
38 artificially induced infections) with before the second rise commences (Pig 1 
quartan malana and the data therein pre- No B-2814) James (1910) considered the 
sented have been drawn upon freely in the temperature curves of his quartan patients 
preparation of the following account to be irregular although from the appear 

Prodromal period In common with the ance of his charts it is assumed that he 
other malarias the quartan infection will referred to the appearance and disappear 
usually though not mvanably provoke ance of cycles There is rarely observed 
prodromal symptoms not particularly dis a prebmmary exhibition of remittent feier 
tmsnisbm" in nature In the case of such as one frequently sees at the onset 
qu^an malaria however such prodromes in P vxiax malaria The onset m quartan 
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On the other hand ire know little regard 
mg immunity m F tnalanag mfections 
If one classifies the three c)cle3 as Boyd 
(1940b) did {cycle A whose paroxysms 
occnr l$t 4th 7th, etc days following in 
oculation cycle B ‘ whose paroxysms fall 
on the 2d Sth, 8th etc days and cycle 
'C with paroxysms on the Sd fith etc. 
days) it IS erident that a patient conld 
exhibit one or more of seven possible smgle 
and multiple arrangements of cycles (A 
B C AB AC BC or ABC) durmg the 
course of hi attack Examining the par 
oxysms from this standpoint, it was noted 
that (a) cycle A was never seen where 
an artificially inoculated patient expen 
enced a simple quartan course throi^hcmt 
(b) twenty seven patents artificially m 
oculated exhibited 5 or more of the possible 
7 combinations and five patients e xp en 
enced all seven (c) naturally inoculated 
patients tend to a simpler pattern of cycle 
combmations (d) one half of the arti 


ficially induced attacks were initiated by 
C cycle and 37 per cent terminated on 
the 'A cycle (e) naturally induced at 
tacks were most frequently initiated by 
A cycle (f) the paroxysms following 
either the natural or artificial method of 
iDocuIatiozi tend to show progressive (C to 
BC to B to AB to A etc ) rather than 
regressive (C to CA to A to AB to B to BC 
etc ) changes in the cycle alterations In 
naturally inoculated patients the cycle in 
tervals are relatively more stable and the 
A’ cycle is roost prominent This may 
be significant inasmuch as m artificially 
utdated infections there is a marked tend 
eni^ to work around to the A evcie 
before the termination of clinical activity 
In addition to the above alternations 
there also occurs a true anticipation or 
postiKinement (Fig 4 No !^2824) of 
paroxysms Successive paroxysms may 
consistently anticipate the preceding one 
of the same cycle by several hours until 
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ejde and lU final tnerg^ mill another ejele 


tenstic of our artificially induced infec 
tions Thayer and Hewetson (1895) and 
Craig (1909) appeared not to have seen as 
many instances of multiple cycles as has 
been our experience It ought to be pointed 
out that these authors -were dealmg wholly 
with naturally moculated patients As we 
shall mention later onr naturally induced 
infections were also of a simple pattern. 
Boyd (1940b) further observed that in the 
case of paroxysms pnor to remissions of 
over 8 days m artificially inoculated 
patients most of the qnotidxan paroxysms 
occurred in the patients who experienced 
primary attacks of less ttan 73 days dura 
tion and where the attacks lasted over 
144 days they chiefly consisted of simple 
quartan paroxysms and no quotidian ex 
penence was evident On the other hand, 
m the case of naturally moculated patients 
with pre-remission attacks of less than 73 
days duration none exhibited quotidian 
paroxysms though these were noted m a 
few attacks of longest duration 


In compariDg the parasite densities at 
the onset of paroxysms in 23 artificially 
induced quartan infections with the lapse 
of tune between first appearance of para 
sites and first paroxysms there was noted 
a significant positive correlation (Table I) 
As Boyd {1940b) observed the tolerance for 
these parasites is surprising m view of the 
scarcity of quartan malaria m this country 

TABLE I 

CoEKsuiiTOV BSCTTZKW Toix&AHC* roB P imtlaruts 
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Vajb elApsmg between first 


detection of pars tes and 

deoait^per 

clinical onaet Number 

emm »t 

of patiente 





I 0-7 

1 S-14 

10-500 

15 1 

1 1 

500 - 1 - 

1 1 

1 ^ 


X* = 1538 P<OOl 
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largely responsible for the considerable 
amount of chrome nephritis he found He 
believed long-continued unchecled fever to 
be the cause Manson Bahr (1931) re 
marked that there was some evidence that 
quartan malaria is more prone to be asso 
eiated with subacute nephritis than are the 
other forms of malana In a study of 
plasma proteins Boyd and Proske (1941) 
found that in 2 patients with quartan ma 
lana albuminuria to the extent of a trace 
was associated with a depression in the 
plasma albumin and that oedema otcuired 
at the time of such depression when the 
plasma albumin was depressed to 2 grams 
per cent oedema occurred unless a com 
pensatory increase in globulin was devel 
oped In both of these instances a nephro 
SIS had developed 

Icierui In one of 4 of our artificiallv 
inoculated patients who developed jaundice 
this symptom did not appear until after 
termination of the primary attack 
Duration remmoR} and chrontcity 
This disease is notorious for its persistence 
and » the most chronic of the three classical 
malarial fevers It comprises a primary 
attack which is usually followed by one or 
more remissions and secondary attacks and 
has been reported to last one or more years 
in the known absence of opportunity for 
reinfection In our artificially induced 
spontaneously terminating infections the 
duration vaned between 19 and 169 days 
with a mean duration in the case of white 
patients of 81 2 days and in the case of 
negroes 53 days (m patients receiving spc 
cific medication which might have been ex 
pccted to interfere with the natural course 
of the infection there was observed a vans 
tion of from 16 to 303 days with a mean of 
98 6 daj s This suggests that these patients 
might otherwise have had longer and more 
severe attacks) In naturally moiulated 
white patients the mean duration of the 
course has been 170 days The compara 
tively long duration of attacks in quartan 
malaria is of interest in view of the slow 
development of the e infections (this in 
verse relationship is notably the opposite 
of that which obtains in P falexparum 
malana here the organism grows rapidly 


nnd the infections are less given to chronic 
ity than even those due to P max) 

■While remissions m our experience have 
shown much variability both as to number 
and length we have not observed renewed 
activity following a quiescent period which 
lasted as long as 53 days Boyd s (1940b) 
study of remissions showed that (a) their 
mean duration varied directly with the 
length of the attack (b) most of them of 14 
days or less duration were spontaneous m 
origin but the majority of the longer ones 
followed interference and (c) about 40 per 
cent of the spontaneous and about 56 per 
cent of induced remissions occurred within 
50 days of the onset of the illness 
Prognosis Quartan malaria is not prone 
to develop pernicious symptoms and the 
paiaaile density baa TateVy exceeded 20000 
per emm m our patients Twenty nine per 
cent of our artificially and 60 per cent of 
the naturally induced infectious came to a 
spontaneous stop James (1910) recorded 
spontaneous recovery in 25 per cent of his 
patients and described the disease as milder 
in tropical than in temperate zones Craig 
(1909) however felt that in tropical 
regions the prognosis in the quartan infee 
tiom especiaUy should be guarded 
None of our 5 naturally induced infections 
terminated fatally but 3 of the 38 artificially 
moculated patients died Of these 3 in 
only one case did it seem likely that the 
quartan infection was a major factor in the 
fatal outcome This species has ordinarily 
been quite readily controlled with quinine 
when necessary Interference (usually em 
ployu^ small doses of quinine) was prac 
tised in 23 of our patients largely to con 
trol the seventy of the infection On the 
other hand interruption was indicated 
when the patient was not supporting the 
infection well or when some intercurrent 
condition de\ eloped Frequently after brief 
mletlweace it was possible for a patient to 
carry on to a spontaneous termination and 
no recurrence was encountered following 
mtensive quinine treatment given either to 
terminate the attack or subsequent to spon 
taneous cessation No sequelae have been 
observed m any of our patients 
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finally the paroxysm may occur on a dif 
ferent cjcle daj Such anticipation or 
postponementof paroxysms when occurring 
consistently may hare part basis m post 
or pre maturation of the cycle and part 
in some immanologieal factor of which we 
are not yet cognizant which results in the 
ultimate simplification of the pattern of 
the paroxysms 

Some authors have stated that most 
malarial paroxjsms occur in the momiog 
and that this point is of value in differ 
ential diagnosis Craig (1909) noted that 
the paroxjsms of quartan malaria usually 
occur during the afternoon or late morning 
In our senes of quartan infections almost 
three-quarters of the paroxysms of arti 
ficially inoculated patients occurred post 
mendxan The largest single group, on 
the basis of eight hourly divisions com 
pnsed over 33 per cent which took place 
between noon and 8 p u Of the naturally 
induced paroxysms 94 per cent occurred 
post msndtan and 52 per cent between noon 
and 8 p It Of considerable mterest in this 
connection are the observations of Toung 
Coatney and Stubbs (1940) They found 
that the sponilation time of P tnalartae 
could be altered by changing the hours of 
the patients activities and rest 

Antmxa The development of anemia is 
mncb slower m quartan infections than m 
those due to P falctparum or F vioox 
This may be due partly to the lower para 
site densities usually characteristic of quar 
tan malaria and partly to the tendency as 
shown by the writer (1939a) of P malaruie 
to invade chiefly the mature cells, thus not 
interfering with the replacement 

In oar senes it was noticeable that the 
rate of decline of the erythrocytes and 
hemoglobin was most rapid during the first 
and second months of clinical activity and 
slowest m the case of the shortest clinical 
attacks Of mterest is the fact that m the 
p ase of patients with the infections of long 
est duration the erythrocyte count com 
menced a snstamed increase several months 
prior to the cessation of clinical activity 
A marked mcrease m the mean erythroeyfe 
level was noted dvurmg renusMons Those 
with the longest recnirences who had had 


the shortest initial attack, experienced a 
greater diminution of erythrocytes durmg 
the recurrence than during the mitial 
period of clmieal activity In general the 
trend of the hemoglobm fluctuations paral 
Med that of the erythrocytes and the color 
index was less than unity 
Splenomeffaly We have noted that the 
spleen does not attam the size m quartan 
infections that it may m P vitaz attacks 
The period of detectable enlaigement is 
proportional to the duration of the clinical 
attack and splenomegaly takes place more 
rapidly m the case of short clinical attacks 
and more slowly m the long meursions No 
spleens have been noted to extend below the 
umbilicns Enlargement of the spleen dur 
mg the course of an infection is not neces- 
sarily consisteatlj progressive to the man 
mum but may be intemipted by contrac 
tioDS Splenomegaly developed veiy slowly 
m two naturally inoculated patients and 
was not detected in a small group of negro 
patients 

Alhuvwnuna and oeitma At some tune 
durmg the course of the attack all of our 
patients developed some degree of albu 
mmuna and in the case of 14 it amounted 
to more than a trace the clinical attack 
had to be interfered with m 12 of these. 
The tendency toward an appreciable degree 
of albnmmnna was less marked in the 
naturally mduced infections (due to fre- 
quency of quartan courses!) Occ-asionally 
when the quantity of albumm has been re 
corded as 4 plus we have noted erythro- 
cytes even m large numbers, hj aline and 
granular casts ha've not been uncommon 
with lesser degrees of albummuria We 
have bad no e>idence of hemoglobmnna m 
our cases 

Of 6 patients who showed \ 3 rymg degrees 
of oedema 4 showed albuminuria to the 
extent of 4 plus In the other 2 the albu 
nununa did not exceed a trace James 
(1910) cited the case of 2 patients m whom 
there was a marked oedema and cbnical 
signs of acute diffuse nephritis They ga>e 
a history of mild attacks of fever over a long 
period of time and had taken no quinine 
Giglioh (1929) working m British Guiana 
stated that untreated quartan malaria was 
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It IS less than 99 F at the onset of the 
paroxysm a normal temperature is not 
nnusual Aching is usually more severe in 
P falciparum infections and if a rigor is 
present it is ordmanlj less marked than m 
vivax or qnartan malaria Vomiting occurs 
most frequently at the end of the cold stage 
or early m the febrile phase Pam over the 
epigastric or splenic areas is commonly 
severe The long duration of fever is an 
outstanding feature of P falapantm 
paroxysms 

Periodic elevation of the temperature is 
by definition the only constant character 
istie of the malarial paroxysm Rigors are 
not as frequent constituents of the falci 
parum paroxysm as of those due to P titiax 
Marchiafava and Bignami (1901) expressed 
the opinion that the fact that sporulation in 
estivo antunmal malaria occurred in the 
vessels of the internal organs under rela 
tively stable conditions and the parasitic 
forms which finally produce the fever are 
not circulating had a bearmg on the fre 
quent absence of the chill In our e^peri 
ence with several strains of P falciparum 
which we ha> e utilized (ranging in point of 
ongm from the southern United States 
Cuba hfexico and Central America) the 
rigor has been an unusual predecessor of the 
febnle stage in the American negro in 
whom we recognize some degree of racial 
immunit} In an unselected group of 20 
such patients 136 paroxysms were observed 
and only one of these was initiated by a 
rigor These patients however commonly 
complain of dumb chills (chilly or cold 
sensations) In white patients on the other 
hand the picture has been somewhat dif 
ferent Here a much larger proportion of 
the paroryms are accompanied by rigors 
for example of 231 paroxysms experienced 
bj 10 persons 69 or practically 30 per cent 
commenced with a rigor (even this inci 
deuce of rigors is well below the usual find 
ing m susceptible white patients with P 
max infections) 

Some of the early Italian writers evolved 
elaborate classifications of the pyrexial reae 
tions of individuals infected with P faleu 
parum This would seem neither necessary 



Fta Tl Ifo eS3 (P falciparum) Onset with re 
nuttent-gootidian type of fever wbteh becomes 
intermiitent BmVing np of Icmst cycle into 
tererel pealu on 8tb uad iDth days prodnemg 
reautteney again. 

nor desirable m considering onr observa 
tions in this country Mannaberg (1905) 
aiming toward simplification of nomenela 
ture rightly stated that such differentiation 
was lacking m practical value The same 
author noted that the form of the fever 
and the seventy of the infection do not cor 
respond. 



Fra i *0 lltt and IISO (P falcipamn) Boll 
ozpeiteneod brief tertian courses. In botb inetaueea 
a second eycio showed a tendency to develop bnt 
did not reach pyretogenie levels. 





THE INFECTION IN THE INTERMEDIATE HOST 
SYMPTOMATOLOGY, FALCIPARUM MALARIA 
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INTEBNAWON^ BZilTH »mSIO» XOCStniZtX roumnnOU TXiLiHiSSEC TLA 


pALciPABUM malaria is essentialljj from 
a clinical standpoint, a very different dis 
ease from P vnax and quartan malaria 
Among the reasons for this difference are 
certain fundamental characteristics prob 
ably peculiar to the causative organism 
These characteristics by reason of which 
P falciparum malaria in particular of the 
three classical infections may be attended 
by great hazard and well deserves the term 
'malignant,' are (») Sharked mtasivc 
ness Extraordinarily rapid and great in 
creases in the numbers of parasites occur 
and the amount of debris and foreign pro 
tern released into the circulation at sporula 
tion time is thereby grcatlj increased The 
toxicity of this species of plasmodium per 
se, IS probabl} not remarkable, in the 
writer s opinion it is less than that of P 
uttax or P malartae at equivalent parasite 
densities (b) Internal sporulation As 
hlarcbiafava and Bignami (1894) noted 
almost half a century ago the fission of the 
amoebae is effected tor the most part in the 
capillary system of certain of the viscera ' 
Verj large numbers of parasites are condu 
cive to the blocking of capillaries especially 
m view of the agglutinative trait of the 
parasitized erythrocytes that has heen de 
scribed together with a tendency for them 
to adhere to the vascular walls Further 
more, one or more organs may bear the 
brunt of this process This explains the 
multipbcity of symptoms that will be noted 
later and justifies the term malarial zoim 
icry, used by Castellani and Chalmers 
(1919) (c) Asynchrom ation This para 

Bite does not lend itself readily to regimen 
tation of sporulation As will be described 
subsequently, this is reflected m the irregu 
lanties of the febrile reaction exhibited 1^ 

the host yr „ * 1 

Prodromal symptoms Usually m typical 


pnmarj attacks in wholly susceptible per 
sons the patient will complain for 2 or 3 
dajs prior to the onset of paroxysms of gen 
eral malaise, loss of appetite perhaps a 
vague feeling of ill being or exceptional 
fatigue and localized aching The tempera 
tiire during this time may or may not show 
slight daily elevations and chilly sensa 
tions may be experienced Prodromal 
symptoms however may be almost negli 
giWe or entirely wanting and the onset may 
be abrupt possibly with coma as the first 
indication A sudden onset is frequently 
the case in individuals possessing some 
degree of resistance to the infection Be 
sistance may even be of such an order that 
symptoms are not evident until a relatively 
high density of parasites in the peripheral 
circ-ulatioD has been reached Following 
onset the type of attack experienced b> a 
person will naturally depend upon many 
factors concemmg the individual such as 
inherent resistance to infection previous 
malarial infection and general phvsical con 
dition 

Fever The paroxysm, whiuh may be re 
garded as the unit of the patient s febrile 
reactioD to the infeutioa is, mP falciparum 
as in the other malarias usually ushered m 
by chilly sensations if not a frank rigor 
and umially termiaate's with a period of 
diaphoresis Presumably it is due to the 
release of the merozoites at the time of 
sporulation which act as a foreign protein, 
certainly the symptom complex is compar 
able to that seen following the intravenous 
introduction of a foreign protein "Whethet 
the intact mero-oites can initiate the par 
oio^m or whether a preliminary breaking 
down of some of them is necessarj is not 
known 

lii the majority of instances the tempera 
tore IS below 100 F and not infrequently 
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the two peaks of the remittent paroxjsm 
will commonlj be less than 24 hours and 
that between the two peaks on either ade 
of the intermission greater than 24 hours 
Marchiafava and Bignami (1901) described 
the tvpical estivo autumnal tertian fever 
curve as comprising the invasion of fever 
the period of pjrexia the pseudo crisis the 
precntical elevation and the true crisis 
Their graphic illustration resembles essen 
tiallj what we described as a partial mer 
ger of two paroxjsms to form a remittoit 
curve Perhaps this should be called an 
intermittent remittent arrangement when 
continued throughout As Mannaberg notes 
however this type of curve is not by any 
means constant for this infection Occa 
sionall} one observes that in quotidian 
courses one cycle prowdea paroxysms ot 
abort duration and the other elevations of 
temperature with broader bases (Fig 4 No 
1210) Patient 1199 (Fig 3) exhibited re 
mittency involving three paroxysms Here 
the temperature remained above 99 F 
for at least 64 hours 

In courses that start as tertian tn type 
one frequently notes the sudden or gradual 
appearance of a second cycle (Fig 3 No 
1199) resulting in quotidian paroxysms or 
one may see one cycle drop out of a quo- 
tidian course (Fig 5 No 1205) leaving ter 
tian paroxysms Occasionally as in the case 
of Patient 1205 (Fig 5) one cycle may dis 
appear temporarily perhaps missing one or 
two paroxysms to return again Also a 
second paroxysm may appear in a tertian 
course following which the original cycle 
may drop out Many variations may thus 
be provided by the appearance and disap 
pearance of cycles. In addition to irregu 
Unties of the intermittent remittent or 
continuous tvpes of fever curve one may 
note that the arrangement of the paroxysms 
shows irregularities These features fre 
quently combine to form febnle courses 
which on superficial examination would 
appear to be entirely without order On 
closer study however despite the irregu 
Unties most of them will be seen to pcssess 
some design Basically they comprise one 
or more tertian cycles with modifi ca tions 


such as (a) the appearance and disappear 
ance of extra cycles (b) the transitory and 
close approximation of two quotidian cy cles 
so as to produce a remittent curve or (c) 
the breaking up of a single fever peak to 
produce two or three secondary elevations 
(Pig 1 No 258) during the course of the 
paroxysm and a very broad base thereto 
The tendency of falciparum paroxysms to 
anticipate or postpone m relation to the 
time of the previous one is much more irre 
guUr than in the case of P tuiox infections 
As previously indicated the lack of 
regimentation or synchronization m sponi 
Ution of P faletparum is apparently re 
sponsible for the irregularities noted both 
in the individual paroxysm and in the 
arrangement of paroxysms m the course of 
the infection It is realized that vanation. 
in individual sensitiveness may of course 
play some part but the irregularities are 
so nearly constant that this factor would 
seem to be of relatively minor importance 
Thompson and Woodcock (1922) and James 
(1922) however prefer to ascribe the dis- 
orderly paroxysms to the variable time re 
quired by individual parasites within a 
group to complete schizogony It would 
seem more reasonable to assume that such 
irregulanties are due to various broods of 
parasites sporuUtmg asynchronously rather 
than to presuppose a confused altematiou 
m the length of the schizogonous cycle of 
groups of parasites Unfortunately smears 
from the peripheral blood do not usually 
reveal the mature forms or schizogonous 
cycle of P falciparum 
Belahonship between parasite density 
and the paroxysms Following are several 
points of interest m the relationship he 
tween parasite density and the incidence of 
paroxysms Between individuals of the 
white and black races there is quite a 
marked difference in tolerance for P falcu 
parum We have commonly observed m 
infections among negroes that the pa asites 
may attain densities of several thousand per 
emm before a febnle reaction is provoked 
A count of over 71 000 was noted on the 
first day of fever m one instance In this 
ease the parasites had first appeared in the 
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Fig 3 Ac 1164 (P faXnpann) Pew of int«r 
mitteut renuttcttt type Two adjacent patoxyema 
pairing off to produce renutteney Ko Il$9 (P 
/tfletporum) Coarse comoieDeed as tertua became 
quotidian then remittent (temperature remained 
crver 37 S C for 64 hours) Fatal termuatton. 

Occasionally at the onset o£ a falciparum 
infection the temperature presents a remit 
tent type of cun e (Fig 1 No 238) It is 
probable that m this case sporulation was 
almost coQtmuous Later a variable degree 
of regimentation of sporulation usually ap 
pears but it is very seldom as orderly as one 
usually sees in P vwax infections 
"We have occasionaly seen pure tertian 



pie of contifluona remittent fever nncontroUable 
by quinine Fntal termination- 


courses (Fig 2 Nos 1150 and 1111) m P 
faletparum infections and recognise that 
the schizogonous cycle of the parasite is 
primanl) of 48 hours duration We have 
observed also the presence of two cjcles, re 
suiting in quotidian paroxysms Pure ter 
tian or quotidian courses m our experience, 
have been uncommon (the hypothesis that 
daily paroxysms were induced by a snbspe 
cies P falciparum quoUdiannum (Craig 
1909) IS not generally accepted) Their 
occurrence is probably dependent, at least 
m part on immunological factors which we 
do not as yet understand Courses that are 
tertian throughout do suggest some degree 



Fio 5 Ho 1 05 (F faXcipontm) CooMe eom 
meneed u qootidian became tertian and regauung 
loet cycle terminated aa qaoUdian. Ao 1158 (P 
/olctparum) Brief coarse commeneuig as tertian. 
Original cycle disappears (3rd 5th and 7th days) 
as new one appears (4th 6tb and Sth days) 

of immunity on the part of the patient 
The paroxysms m falciparum malaria even 
when m simple quotidian arrangement, 
commonly have a broader base than do 
those due to P vitaz Frequently there- 
fore two closely adjacent paroxysms may 
partly merge and show an mtermission in 
which the temperature does not fall to nor 
mal creating a remittent curve (Fig 3 No 
1164} This may occur over a period of 
days the paroiyms pairmg off to produce 
a senes of remittent curves between each 
of which pairs the temperature drops to 
nonoal In such cases the interval between 
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the tvTO pea^LS of the remittent paroxjsm 
will commonh be le*a than 24 hours and 
that between the two peaks on either side 
of the intermission greater than 24 hours 
Marchiafaia and Bignami (1901) described 
the t>'pical estivo-autumnal tertian fever 
cune as comprismc the imasion of feser 
the period of pjresia the pseudo crisis the 
precntical elevation and the true crisis. 
Their praphic illustration resembles essen 
tialls what we described as a partial mer 
ger of two paroissms to form a remittent 
cnrve Perhaps this should be called an 
intermittent remittent arrangement when 
continued throughout Aa fitannaberg notes 
however this type of curve is not by any 
means constant for this infection Occa 
sionallv one observes that in quotidian 
courses one cycle provides psroxjsms of 
short duration and the other elevations of 
temperature with broader bases (Fig 4 No 
1210) Patient 1199 (Fig 3) exhibited re» 
mittency involving three paroxyima. Here 
the temperature remained above 99* P 
for at least &4 hours 

la courses that start as tertian m type 
one frequently notes the sudden or gradual 
appearance of a second cycle (Fig 3 No 
1199) resulting u quotidian paroxysms or 
one may see one evele drop out of a quo* 
Udian course (Fig 5 No 120 j) leavmgter 
tun paroxj-sms Occasionally as in the case 
of Patient 120d (Fig 5) one cycle may dis- 
appear temporarily perhaps missing one or 
two paroxysms, to return again Also a 
second paroxysm may appear in a tertian 
course following which the original cycle 
may drop out Slany variations may thus 
be provided by the appearance and disap 
pearance of cycles. In addition to irregu 
Unties of the intermittent remittent or 
continuous types of fever curve one may 
note that the arrangement of the paroxysms 
shows irregularities These features fre 
quently combine to form febrile courses 
which on superficial examination would 
appear to be entirely without order On 
closer study however despite the irregu 
Unties most of them will be seen to possess 
some design Basically they comprise one 
or more tertian cycles with modifications 


such as (a) the appearance and disappear 
ance ©f extra cy clcs (b) the transitory and 
close approximation of two quotidian cycles 
BO as to produce a remittent curve or (c) 
the breaking up of a single fever peak to 
produce two or three secondary elevations 
(Fig 1 No 258) during the course of the 
paroxysm and a very broad base thereto 
The tendency of falciparum paroxysms to 
anticipate or postpone in relation to the 
time of the previous one is much more irre 
guUr than m the case of P tit ax infections 
As previously indicated the lack of 
regimentation or synchronisation m sporu 
Ution of P faletparum is apparently re- 
sponsible for the irregularities noted both 
in the individual paroxysm and in the 
arrangement of paroxysms in the course of 
the infection It is realized that variation 
m individual sensitiveness may of course 
pUv some part but the irregularities are 
BO nearly constant that this factor would 
seem to be of relatively minor importance 
Thompson and Woodcock (1922) and James 
(1922) however prefer to ascribe the dis 
orderly paroxysms to the v enable time re- 
quired by individual parasites withm a 
group to complete schizogony It would 
seem more reasonable to assume that such 
irreguUrities are due to various broods of 
parasites sporulating asy nchronously rather 
than to presuppose a confused alternation 
m tbe length of the schizogonous cycle of 
groups of parasites Unfortunately smears 
from the peripheral blood do not usually 
reveal the mature forms or schizogonous 
cycle of P falciparum 
Relationship betueen parasite densiti/ 
and the paroxysms Following are several 
points of interest in the relationship be 
tween parasite density and the incidence of 
paroxysms Between individuals of the 
white end black races there is quite a 
marked difference m tolerance for P /a?ci- 
parum We have commonly observed m 
infections among negroes that the pa asites 
may attain densities of several thousand per 
cmin before a febrile reaction is provoked 
A count of over 71 000 was noted on the 
first day of fever in one instance In this 
case tile parasites had first appeared m the 
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peripheral circulation three days prior to 
the onset of paroxysms It has been Tery 
rare m our e:speTience to obserre a febnie 
reaction prior to the first appearance of 
parasites in colored patients In white per 
sons the attainment of high densities by the 
parasites before the onset of fever is on the 
other hand uncommon and frequently the 
initial fever precedes the first detected 
parasites by one or more days 
It IS noteworthy that the parasite density 
at the onset of fever is usually much lower 



Fio 6 No B ^99 (F falnparum) 6bow» the 
ssaociation of bigb paruitg deoutr tod Bonnal 
tempoiatnre os alternate da^s and of low paraaite 
densitr and elevated temperatnie on the interren 
jng daya 

than that which obtains subsequently at 
tie onset of recurrences In other words 
some tolerance for the parasite has devel 
oped and a greater number of them is neces- 
sary to provote a febnle response As a 
corollary one usually observes that the 
parasite count is greater at the termination 
of the primary attack than it was at the 
onset 

In the case of infections with paroxysms 
occurring at tertian intervals an interesting 
phenomenon may be present (Fig 6) 


When one examines smears made at inter 
vals of 24 hours and enumerates the para 
sites per cmm it mav sometimes be noted 
that the parasite density shows a daily alter 
nation between low and high levels and that 
there is an inverse relationship between th*> 
level of the parasite density and the mci 
deuce of paroij sms the latter occur on the 
day of the lower parasite count and are 
absent on the following day when the para 
site density is greater Such alternation 
may be present over a period of several 
days 

Chnteal type$ of faletparum tnalana 
The clinical classification of P falctparum 
infections has been made very cumbersome 
Sj^tems of classification based on the febrile 
reaction alone are not satisfactory chiefly 
because the degree or type of fever is not 
consistent Flaborate divisions and snbdi 
visions on the basis of clinical types and 
syndromes serve only to indicate that this 
^sease is very protean m its manifestations 
and therefore must be considered in making 
a diagnosis of an illness in any person who 
has been in a position to contract it 
It is convenient to consider, in the first 
place, that P falciparum malaria may (a) 
be of 8 simple type involving the body as 
a whole but attackmg no system of organs 
in particular or (b) show localizing symp- 
toms denoting involvement of one or more 
organs predominantly , these infections 
usually arise from those of the first group 
The former group though they also occur 
m tropical areas comprise the majority of 
estiTO autumnal attacks that occur m sub 
tropical zones Although many of them are 
relatively benign m character it is wise to 
consider that all P falciparum infections 
are endowed with fatal potentialitite (the 
type of illness which follows inoculation is 
dependent upon mdmdnal factors and the 
administration of specific medication) The 
parasites though giying no signs oi ioca^jza 
tion may show an extreme degree of inva 
siveness and if unchecked multiply rapidly 
until the patient is overwhelmed and death 
ensues Of course m many such instancfS 
intercurrent disease, poor physical eondi 
tion or lack of resistance for other reasons 
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are socondary conlributors n«crthrfess 
tills inherent dangerous tendencj o! P /al 
etpanim must not be minimized Other 
patients may show quite a degree of tolcr 
ance for rclativel} high densities of para 
sites and after a comparativeb wild attack 
gj-mptoms will disappear The attacks as 
Boyd and Kitchen (1937a) hare pointed 
out tend to be of shorter duration than 
those due to P titaa The mean in our 
series was 10 8 days, although the maximum 
duration noted was 3C days (it must be re- 
membered that our data were gathered from 
persons undergoing therapeutic malaria and 
as little quinine as was compatible with 
their safe management was administered 
during these infections) 

Of the group of esti’fO-autunmal itifec 
tions which tends to attack predominantly 
some sTstem of the body the majoritj arc 
characterised by a seweriiv which has 
earned them the name pcmi«io»s These 
forms distinguished by sjmptoms which 
indicate a danger to life are found cbiefiy 
tn the tropics and parlieularlr nuder epi 
demic conditions or in areas of bi^h ende 
mieity Sternberg (16S4) notes that m 
temperate zones pernicious symptoms are 
usually preceded by one or more simple 
paroxysms and Craig (1909) states that the 
great majority of pernicious attacks occur 
in persons who hsie suffered repeatedly 
from malarial paroxysms which base not 
been properly treated and often 
deielop during an apparently mdd 
paroxysm Certain predisposing causes 
undoubtedly aid the development of malig 
nant symptoms. Among these may be de 
bibty (as in convalescence) malnutnUon 
excessne fatigue chronic alcoholism heat 
prostration drug addiction (Most 1940a) 
and pre existing anatomic lesions In this 
type of infection there is usually a high 
density of parasites though it is not neces 
sanly evident m the peripheral circulation 
The degree and type of fever does not cor 
relate with the pernicious features of these 
attacks Mannaberg (190j) concluded that 
pemiciousness is associated with no defi 
nite elevation of temperature and no par 
ticular type of fever although he recog 


mzedthnt 'themajoritj of pernicious cases 
manifest a subcontinucd Ie^ cr 
hfaiison Babr (1931) diiided tlie per 
nicious tj pcs into two groups (a) the cere 
bral forms and (b) tlie oKul forms In the 
cerebral group he included those patients 
whose ijiiiptoms pointed predominantlj to 
damage of some part of the nersous sj stem 
The chief feature of the algid group as the 
name suggests is eoldness of the body sur 
face Coiiapso and a tendency to sjneope 
are prominent features Among this group 
are infections insolving conspicuous)} the 
ga.stro-intestinal tract hemorrhagic forms 
sj-ncopal types and acute hemoh tic anemia 
Inasmuch as these pernicious forms are 
not disease entities but are caused by the 
same parasite Uiat produces mild infections 
It IS proposed not to describe an almo t 
endless senes of RSTidromes that li II 1 in 
met with but rather to hst aj’stems of 
organs that has e been particularh involved 
together with sjmOrornes and s>*inptoms that 
have been obsen ed 

(o) Amous tijsttm Ilenuplegia para 
plcgia localized para1> sis epileptiform sei 
turcs neuritis headache irritability rest 
)essnes.s dciirium convulsions coma trem 
ors alaij speech changes aphasia amnesia 
psychoses and milder mental changes 

(h) Gajiro tnfcjlinal lystem Syndromes 
of acute appendicitis hemorrhagic pan 
creatilis acute gastritis cholera dysentery 
and acute peritonitis Nomiting (bilious 
or heraatemesis) icterus diarrhoea and 
melena 

(c) Cardmaseular and hemopotctic sr/s 
ferns Rupture of spleen symptoms of 
thrombosis and hemorrhage syncope heart 
failure djspnoea hypotension an,,inaltLo 
pain anemia and Icucopenia 

(d) liespiratory system Pneumonia 
bronchitis 

(«) Ocnito urinary lystcm SyTidtomes 
of nephritis and nephrosis (albuminuria 
casts) hemoglobinuria hematuria orchitis 
and oophoritis 

(/) Other ayjtems Involvement of spe 
aal senses as hearing sight (optic neuritis, 
retinal hemorrhage) and mastitis 

Bplenomegaly Most writers agree that 
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enlargement of the spleen is a constant 
occurrence during the paroxysm It tends 
to become smaller during the interval how 
ever and may not he palpable during the 
first few paroxysms m a primary infection 
As the course of the infection progresses the 
swelling increases and a relatively large 
volume may be attamed The usual ten 
dencj IS for the tip of the enlarging spleen 
to swing diagonally across the abdomen to- 
ward the lower right quadrant Pam is 
sometimes complained of and may be due to 
perisplenitis or stretching of the capsule 
Tenderness on palpation, particularly dur 
mg the paroxjsm is commonly experienced 
Rupture of ^e engorged spleen has been 
met with bat it is usually consequent upon 
trauma 

It has been our experience that the 
splenomegaly m primary P falciparum at 
tacks does not reach the proportions that 
may be noted m vivax malaria in highly 
susceptible individuals Probably this is 
largely due to the fact that primary P fatcu 
parum attacks are of shorter daration than 
those caused by P tnaz la negroes the 
attacks have been relatively brief and 
splenomegaly has seldom been evident Our 
white patients have experienced longer at 
tacks but here the degree of enlargement 
has not exceeded the bTumber 2 size of 
Boyd 8 classification (1930a) 

Anemia The great densities which P 
falciparum may qmckly attam undoubtedly 
accelerate the development of anemia Too 
as the writer pointed out their tendency to 
mvade both mature and immature erythro- 
cytes may be a factor of importance We 
do not definitely know of destruction of the 
erythrocytes other than by direct action of 
the parasite, although some authors feel 
that circumstances necessitate the hypothe 
SIS of some additional factor such as a hemo 
lytic toxm It must be remembered how 
ever that we only see the parasitized cells 
that appear m the peripheral circulation. 
It m not uncommon to note that in the 
course of a week of infection a patient may 
lose from one to two million erythrocytes 
per cmm and from two to five grams of 
hemoglobin per 100 ce of blood There is 


not necessarily a correlation between the 
blood destruction and the apparent clmical 
seventy of the infection It is noteworthy, 
furthermore that as the degree of anemia 
increases the rate of its development 
slackens It is remarkable how quickly the 
blood restoration becomes evident follow 
ing the termination of an attack In some 
instances we have noted that the destruc 
lion 15 more than compensated for as the 
number of parasites is decreasing and per 
haps jiKt before the paroxysms have ceased. 

Leucocytic reaction The total leucocyte 
count 13 altered both in relation to the indi 
ndual paroxysm and to the course of the 
infection It is generally agreed that a leu 
copenia exists during the paroxysm it 
probably becomes evident prior to the onset 
of the latter This reaction however may 
be of the same general type as the usual 
body response to the introduction of a 
foreign protein and therefore relatively 
non specific in so far as the malarial lofec 
tioD IS concerned James (1922) states that 
a true leucocytosis is by no means infre* 
qoent during the very early stage of an 
ordinary acute attack (especially m nalig 
nant tertian infections) and for a longer 
period in pernicious cases while the fever is 
rising Marchiafava and Bignanu (1901) 
quote Kelsch as observmg a leucocytosis in 
the pernicious infections Craig (1909) 
agrees on thw pomt We ha' e noted a leu 
copenia m our falciparum infections, 
though not a very marked one as Pig 7 
shows In this chart the means of the leuco- 
cyte counts for ten patients have been 
plotted over a period of from 3 day s before 
until 12 days after the first appearance of 
parasites It will be noted that the leoco- 
pema begins to appear before we are able 
to detect parasites in thick smears and that 
the lowest pomt in the curve occurs 6 days 
after parasites were first detected. Fre 
quently a low count persists for some time 
after the onset of the infection We have 
occasionally observed a greater degree of 
leueopema to occur as a result of a relapse 
with its accompanying merease in parasite 
deasity than there was evident during the 
primary infection 
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Regarding the differential white cell 
COMM James (1022) i^MOted Thomsoo as 
observme that the proportion of noao- 
nueJear elements raries inverse!/ with the 
temperature During the apyrexial period 
they might rise ss high ss SO per cent 
James (1922) noted that during the afebnte 
stage the polymorphonuclear forms fall 
from about 70 to 50 per cent and that the 
mononuclears rose froffl about 25 to 45 per 
cent The proportion of these latter forms 
IS greater than normal m active malaria, 
and monocytes contamjng variable amounts 
of pigments are commonly seen in blood 
smears from falciparum infected patients 
Propnojw If the infections are seen 
early and if proper treatment is instituted 
prompt!} and pemicioos symptoms are not 
evident the prognosis should be good The 
appearance of intercurrent infections calls 
for a guarded prognosis -We have noted 
that in the event that very high densities 
have been attained by the parasites or that 


an intercurrent infection has set m qmnme 
w not aa effective as Mnder ordinary circnm 
stances J^aturally the prognosis la grave 
though not always hopeless when per 
nicious symptoms have developed Over a 
tea year period (19S2-193I) reports of the 
United Fruit Company ahowed that 43 535 
patients were treated for P /elcipurum 
malaria m their hospitals There were 525 
deaths or a mortality rate of 1 2 per cent 
The case fatality ratio was 829 1 This is 
undoubtedly a great deal lower than obtains 
under ^neral conditions m endemic areas 
Of all fatalities due to malaria during that 
same period P falciparum infections were 
responsible for 86 3 per cent 
ifalorio durtnrj pregnancy The grawd 
female generally experiences a more severe 
mfecUon than the non pregnant other 
things being equal This is understandable 
inasmuch as she already has an added call 
oa her irsources Perhaps the gravest prob 
lem ahe faces is that of anemia and even m 
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Lghter infections this may be of consider 
able moment Reports from various locah 
ties assign to malaria varymg degrees of 
responsibility as the etiological agent of 
abortions Mannaberg states that “the 
abortion does not require a fever paroxysm 
for its production The foetus is usually 
dead before the abortion occurs.'* Hehir 
(1927) notes that ‘the later the infection 
occurs during pregnancy the greater the 
Lability to miscarriage ’ Although the 
child of a malanous mother may survive 
birth it frequently dies within a week 
Congenital malarui Marchiafava and 
Bignanu (1901) were of the opinion that at 
the time of their writing, no incontrovert 
ible proof had been presented in favor of 
the existence of congenital malaria and 
cited instances m which evidence had been 
searched for and not found m foetuses snd 
new horn of heavily infected mothers On 
examining peripheral (maternal) placenta 
and cord blood smears in 400 patients, 
Clark (1916) found 19 estivo autumnal in 
fections Of these 19, all showed parasites 
(commonly segmenting and presegmentmg 
forms) m the placental smears, some in 
dense numbers whereas only 8 peripheral 
blood smears were parasite positive One 
cord smear revealed parasites and m this 
instance there was a lustory of accident of 
pregnancy in relation to the placenta 
Blacklock and Gordon (1925) likewise 
found a much higher incidence of P falci- 
parum in placenta smears than those from 
the peripheral blood They found a posi 
tive correlation between znatemal lufection 
and death of the child vn uiero, or imme 
diately after birth (without infection of 
the foetus or child) It is reasonable to 
fltiq TiTnA that there must he absorption of 
toxic substances by the, foetus and inter 
f erence with the foetal nutrition m the case 
of a heavily infected placenta The con 
census of opinion seems to be that infection 
of the foetus occurs only as a result of dam 
age to the placenta Diagnosis of congenital 
malaria on the basis of an enlarged spleen 
and fever in a child bom of an infected 
mother is not justifiable in the absence of 
parasites from the child’s circulation 


Malaria \n children McQown (1849) has 
the following to say on this subject “CAtl. 
dren under 5 years of age are less liable to 
remittent fever than those who have passed 
this age Those between 2 and 5 years of 
age appear to be more liable to it than those 
under 2 years, but it does not appear to 
occur very frequently in the former Those 
under 2 years of age so far as I am aware 
are i^ldom the subjects of remittent fever, 
though they are not entirely exempt from 
It It appears that a \ ery large major 

ily of the cases of congestive fever occur 
among adults or those who have amved 
at the age of puberty, though it is not 
exclusively confined to them, as children 
of 3 years, or 5 years and upwards are 
sometimes the subjects of it ' Cleghoro 
Parry and Wharton (quoted by Sternberg 
2884} supported the view of HeQotm 
Sternberg (1884) felt that if the very 
youi^ enjoyed an apparent immunity, it 
was probably due to lesser exposure Craig 
(1909) speaking of the malanal fevers m 
genera! stated that susceptibilty varied in 
Tersely with age 

The paroxysm is generally atypical jn 
children particularly with reference to the 
cold and diaphoretic stages These are less 
marked than in adults Splenomegaly and 
anemia tend to develop more rapidly than 
in adults Convulsions are not unusual and 
are mostly associated with the febrile stage 
Permcious symptoms are not uncommon in 
endemic areas and death is frequently due 
to the intensity of the parasitic invasion, 
often with cerebral symptoms In those 
over 6 years the paroxysms more nearly 
resemble the adult type One frequently 
sees in endemic areas children who have 
experienced several infections due to P 
falciparum, with protuberant abdomens as 
a result of chronically enlarged, ‘caked 
spleens 

Chronic malana Reinfections Ca- 
chexia There u a tendency on the part of 
some writers to inclnde reinfections when 
speaking of chronic malana This does not 
seem to us to be permissible in the stnet 
sense of the word James (1922) m speak 
ing of mdigeaoas inbahitants ot endemic 



IKrECIIO'J IV IVTERJirOUTB HOST FALCITAnm 


205 


areas who are repeatedly infected and who 
recei\e little or no treatment between at 
tacks sars the result is that they pass 
into a condition which ts correctly named 
‘chronic malana Marchiafava and Big 
nami on the other hand faeliere that dis- 
tmction should be made between chronicily 
following a first attack and that resnlling 
from a succession of infections. In a re 
cent paper on chronic malaria, Fond4 and 
Fond6 (1939) eipre^ed the opinion that 
statistics regarding the incidence of ma 
lana based on the demonstration of para 
sites rather than on climcsl eridence are 
not a tme indication of the extent of ma 
lana 'We deplore the promulgation of this 
doctrine and feel that theie la already far 
too great a tendency to blame malaria for 
man} diverse debilitating conditions and 
elevations of temperature in the absence of 
demonstrable parasites and ebieSy becanse 
a diagnosis of malana rightly or wT«ngl> 
had once been made hlannaberg deflo^ 
chrome malanal infection as one continn 
ing for months and specified that the con 
tinuance was not dependent on reiofecbon 
but on obstinate persistence of the virus 
It IS perhaps timely to express the optnion 
that P /alcipurum malana is an mfec 
tion which IS not as prone to chromcity as 
IS generally thought Our own eipenence 
leads us to bebeve that it is less given to 
chromcity than is the disease induced by 
P vnax MansonBahr (1931) commented 
on the greater persistence of bemgn tertian 
infections 

The tendency to a few relapses is a recog 
msed characteristic of P faletparum ms 
laria and we have noted as many as four 
or more of these before immunity has de 
veloped to a point where they cease In 
onr own experience renewal of clinical ac 
tmty beyond an eight week period from 
the cessation of the primary attack had been 
rare and no recurrence has been noted after 
a SIX month period In a previously men 
tioned paper by Boyd and Kitchen (1937s) 
it was observed that patients inocnlated m 
the last quarter of the year have ahorter 
incubation periods longer attacks and 
fewer instances of renewed activity after 


cessation of the primary attack whereas 
infections induced during the winter tend 
to have longer incubation periods shorter 
attacks and a greater tendency toward re- 
newal of clinical activity The incidence 
of relapses and recurrences may thus be 
taken as an indication of the effectiveness of 
the immunity built up during the pnmary 
attack Both chrome malana and malari^ 
cachexia are atated to be the result of un 
treated or inadequately treated attacks of 
malana In our experience lack of treat 
meat during the pnmary attack m a person 
in good physical condition is conducive to 
more rapid development of specific m 
mumty and interference with the pnmary 
attack will directly influence the telapse 
rate Thus two-thirds of our patients 
(Boyd and Kitchen 1937a) receiving small 
doses of quinine during the primary attack 
(to control the therapeutic infections) ex 
hibited relapses whereas slightly more than 
a quarter of those receiving so quinine did 
likewise Over 00 per cent of our patients 
who received a week s course of quinine 
(after the method of Staton 1930) aubse 
quent to the primary attack experienced 
DO relapses It is recognized that the de- 
velopment and maintenance of immumty 
in malana are ediersely affected by poor 
hygienic conditions and concurrent or in 
tercurrent infections and it seems likely 
that these factors have been responsible for 
much of the chromcity for which P falcu 
parum has been pnmanly blamed Insde 
quate irregular hit or miss treatment 
may lead to chromcity by reason of delay 
>ng or interfenng with the immunogeme 
process We bebeve however that much 
of the so called chromcity and cachexia in 
P falciparum malaria is due to causes other 
than lack of or inadequate treatment 
There undoubtedly exist in endemic area 
several immunologically distinct strains of 
P falciparum and it would seem to be 
rather difficult to differentiate between re 
lapses and reinfections in all instances dor 
ing the season of transmission although it 
IS likely that a reinfection would involve 
a greater parasite density and a more severe 
clinical reaction Milder superinfections 
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With heterologous strains might be indis 
tmguishable We (Boyd Stratman Thomas 
and Kitchen 1936a) have observed that a 
patient convalescent from an mfection with 
one strain of P falciparum may, when re 
inoculated with a second (heterologous) 
strain, develop an equally severe attack 
Many of the pernicious infections which 
are said to develop suddenly during a 
relapse may well he the result of a rein 
feetion with an heterologous strain of the 
parasite 

Mannaberg states that ‘ In order to 
diagnose chronic malaria the foUowing 
clmical symptoms must he present (a) 
occasionally recurring paroxysms of ma 
laria for months (relapses) which may be 
normal or latent, (b) a certain degree of 
anemia (c) enlai^ement of the spleen and 
eventually enlargement of the liver (d) 
the same species of parasites m the blood 
throughout the whole period (e) general 
characteristic appearance ” (These coodi 
tions could easily be met by reinfections ) 
Under appearance he cites the tawn^ color 
of the skm with its pallor and not mfre> 
quent ictenc tmt He refers also to the 
anemia and its accompanying dyspnoea and 
palpitation on exertion The patients fre 
quently complain of malaise headache 
vertigo and msonmia 

It is difficult, and sometimes impossible, 
to diffierentiate between wbat some authors 
describe as chronic malaria and others as 
malarial cachexia Some consider them as 
synonymous Again some authors (Janies 
1922 Hehir 2927) divide malarial cachexia 
into two types acute and chrome The 
acute type, as described, would not seem 
to differ greatly from the condition fre 
quently seen following some of the severe 
types of malarial infection James (1922) 
feels that under endemic conditions ** 'ea 
cheiia’ is only exceptionally an accurate 
term to apply to the condition of patients 
who have suffered for a long tune from 
repeated malanal infections and remfec 
tions ” Severe anemia and marked splrao 
jnegaly are the out standmg symptoms 
Dyspnoea weakness emaciation and di 
arrhoea are usual and there may be oedema 


of the lower extremities possibly ascites 
A description of this syndrome, credited to 
Dr B E Little of Qumcy, Florida ap 
peared m McGown’s (1894) text The 
latter author noted that ‘ this cachee 
tic condition (in certain areas) 

is most frequently the sequelae to malarious 
diseases ” 

Complications and sequelae Complies 
tioDS are not infrequent m estivo-autumnal 
malaria, particularly m highly endemic 
areas and in individuals debilitated by 
repeated infections with P falciparum 
Indeed, m so far as the latter group of 
individuals is concerned, malaria may be 
said to be a disease of comphcations Often 
the form of the intercurrent disease is 
modified by the malarial mfectiom Be 
spiratory infections frequently compbeate 
the picture of these bronchitis, pneumoma 
and infiueztza ma> be mentioned When 
the latter, under epidemic conditions at 
tacks patients with malaria, the mortality 
rate is high Manson Bahr (2931) stated 
that pulmonary tuberculosis is very prone 
to supervene in cachectic cases ’ but March 
lafava and Bignami (1901) do not agree 
on this point It is likely however that 
malanal infections tend to cause a tuber 
colons focus to extend The last named 
authors are of the opmion that it induces 
a miliary form Staphylococcic and strepto- 
coccic infection may occur The!>e, though 
local at first may take the septicaemic form 
Dysentery and cholera occasionally become 
associated with malarial infections Bup* 
ture of the spleen when due to trauma as 
it usually IS may be regarded as a com 
pbcation The usual outcome is fatal and 
death due to the hemorrhage is rapid 
Hala azar and ankylostomiasis are other 
diseases which not infrequently compbeate 
estivo autumnal malaria There are many 
other though less frequent infections 
which may supervene 
Among the sequelae that have been noted 
following malaria are certain psychic dis- 
turbances These may amount to frank 
payehoses more or less prolonged James 
(1922) quoted Porot and Qutmann as ob- 
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serving that malarial psychoses are alTr8>8 
primarily of the confusional type but may 
be transformed into more protracted forms 
James also stated that malarial neuras 
thenia sometimes irith accompanying aigns 
of phj-sical debilit) and ps\ chopolyneuritis 
may be obseri ed Various neuropathies re 
suiting from focal damage to the brain are 
cited bj Mannaberg (190o) He stated that 
motor imtatise symptoms nere less fre 
qnent than degenerative svmptoms The 
duration of these symptoms varied greatly 


Paraplegias due to spinal cord injury have 
been observed as have also parasthesias 
anasthesias and neuralgias Most Tmters 
mention an hepatomegalj that may persist 
for some time after the malarial attack. 
Thajer (1897) svas convinced of a malarial 
origin of chrome nephritis and Marchiafas a 
and Bignami observed that acute and sub 
acute nephritis de\ eloped shortly after 
cessation of a grave malarial infection The 
latter authors feel that these chnges are 
toxic in character 
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This syndrome is now generally accepted 
to be intimately related to majana allbongh 
the exaet nature of the relationship is stni 
the cause of much controversy 

Etiology ForQ years ago Jtarchiafava 
and Bignami (1901) speakmg of instances 
of this disease, m some of which attacks 
malaria parasites could not be found and 
some of which were cured and others pro- 
voked by quinine stated Bat m all these 
cases although occurring nnder the most 
varied conditions, the one fact which can 
be afErmed with certainty is the etiological 
importance of the malarial infection. 
Stephens (1913) working in the Panama 
Canal Zone offered statistical evidence sup- 
porting this relationship as regards inci 
dence Decks and James (1911) studying 
blaekwater fever in the same region, con 
Bidered malaria as a predisposing factor 
of great importance ' and showed that 
hcmoglobinunc fever prevails among all 
races in direct proportion to the amount 
of malaria among them* they went further 
and concluded that the amount of black 
water fever is in direct proportion to the 
mtensity of estivo-autumnal malaria Foy 
and Kondi (1937) working m Macedonia 
also established a definite correlation be 
tween malaria and blaekwater fever m a 
malaria sensitized population. Neverthe 
less there are yet many points concerning 
hemoglobmune fever that are obscure 
On the other hand however we recog 


present Residential environment is like 
Wise important m this connection (b) In 
the case of those who develop blacWater 
fever there is usually though not mvan 
ably, a history of repeated attacks of 
malaria Ross (1932) concluded that fre 
qnency of previous malarial infection in 
patients with blaekwater fever was a fac 
tor of undoubted significance Leishman 
(1912) stated that ‘ there is certainly no 
direct relationship to the number or 
seventy of the antecedent attacks of raa 
lana We have not observed any evidence 
of blaekwater fever in over 200 patients 
with naturally induced P falciparum m 
fections most of these have been in colored 
persons and few have been reinfected 
James Nicol and Shute (1932) reported 
two instances of bemoglobmuria in their 
induced P faletparum infections Accord 
mg to Stephens (1913), it is usually during 
the second year of residence in the tropica 
that the greatest incidence of blaekwater 
fever is noted and he considered this as 
evidence of the part played by repeated 
malarial infection The disease has not 
been known to occur where malaria does 
not exist (c) Negroes and other native 
races of endemic zones show a high degree 
of immunity to blaekwater fever and this 
umnonity is noticeably linked up with that 
to malaria. Furthermore measures which 
decrease the incidence of malaria will do 
likewise for blaekwater fever 


nize several established facts regarding its The common association of blaekwater 
etiology (a) It occurs chiefly in non fever and P falciparum malaria has un 
munime persons who are relatively recent doubtedly led some workers sneh as Robert 
arrivals (usually a few months to a few son and Jloore (1923) and Thomson 
years resident) m endemically malarious (1934) to regard the former disease either 
areas Boss (1932) has shown that it is as a pemicious form of the latter or as the 
nartienlarly prevalent m persons with oc name disease Jlarthiafava and Bignami 
ennatjon iQ which the opportunity for con (1901) however had stated that a special 
Rfant eioosTire to infected mosquitoes is place should be reserved for hemogloOi 
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num among the clinical fonns oj the 
malarial infection (and it) is a pbe 
nomenoa which may be manifested durintr 
the coarse of an active infection as well as 
in one which has spent its course it is tn 
timatelj related to malaria but there is bo 
direct causal relation between this phenom 
enon and the malarial parasites such as 
there is for example between the coma of 
a pernicious attack and the parasitic inva 
Sion of the capillary vessels of the brain 
Nor do we believe that we can class to- 
gether as some have done hemorrhagic 
malarial infections in general and hemo- 
globinuria 

The finding of P viiox and P mQlanae 
m blood amears from blaekwater fever 
patients has been considered by some work 
ers as evidence gainst P faleiporvm as the 
constant etiol^ical factor This must be 
regarded as circumstantial evidence Itoss 
(1932) stated that it would seem that 
too much Significance u placed upon the 
species then present as indicating the 
variety of malaria which has led to the 
development of susceptibility In this 
connection Boyd and Kitchen (1937f) have 
noted that m induced mixed infections with 
P /otcipanim and F aivqx only P vivo* 
for example may be ob erved in the blood 
smears at a given time even though there 
exists a concurrent P faJciparum infection 
In addition to this the hemoglobmurK* 
paroxysm may have occurred after clinical 
termmation of a falciparum attack and yet 
coincidentally with the appearance of a 
new P vitax or quartan infection 
Furthermore m the majority of black 
water fever attacks though parasites maj 
be demonstrated prior to the paroxjsm 
their mcidence in the peripheral blood 
afterwaTiia diminishes rapidly This also 
could account for the frequent absence of 
P falcipartim 

Among additional predisposing factors 
m. the etiology of hemoglobsnunt fever 
there may be considered (1) Pamdial 
disposition Jfany authors have cited in 
stances in which several members of certain 
families showed a marked tendency to 
develop hemoglobinuria particularly m 


some cases following the use of small doses 
of quinine Deadenck (1914) in a study 
of 34 patients recorded evidence of familial 
tendency Stephens (1937) concluded 

Disposition whether personal — and 
even hereditary — or famdial may involve 
some at present unknown factor but the 
knows factor malarial infection appears 
always to be present ’ (2) Age and (3) 

Sex The reports regarding these two fac 
tors are somewhat conflicting and it would 
seem that they both are subordinate to a 
dominating factor vix. opportunity for 
exposure to malaria. (4) Peeks and James 
(1911) considered that sjrphilis was an un 
portant predisposing cause by reason of its 
tendency to provoke relapses of malaria 

Among the exciting causes of the hemo 
globmonc attack parturition over exer 
tiOQ and fatigne exposure to cold and 
quinine have been chiefly mentioned h oy 
and Kondi (1936) could And no evidence 
favoring the existence of hersolj’tie strains 
of plasmodia or such other specific para 
sites as have also been suggested as etio- 
logical factors Peeks and James (19U) 
felt that malaria should be considered not 
only as a predisposing cause but also as a 
precipitating cause 

The role of qumme in provokmg an at 
tack of hemoglobinuria is a very puezUng 
one It IS a well established fact that very 
siD-ill doses of this drug have repeatedly 
been followed by hemoglobinuria in some 
persons Quinine can be shown to produce 
hemolysis in vitro but the corresponding 
amount required to do so in vivo could not 
be tolerated b> the human organism under 
an> circumstances On the other hand it 
IS known that quinine has been given in 
blaekwater fever with impunity JIany 
patients appear to he tolerant o£ a certain 
dose but exhibit hemoglobinuria when that 
amount is exceeded The maximum inci 
dence of hemoglobinuria os a reaction to 
qumme appears to occur within six hoars 
of administration 

An excess of lactic acid due to deficient 
oxygenation was advanced by Blacklock 
and Macdonald (1928) as the cause of 
hemolysis in blaekwater fever but Rosa 
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(1932) was unable to demonstrate a hyper 
laet&cidemm in the blood of blacfcwater 
fever patients Cort (1929) refemne to 
the hemoglobinuria suggested that a ape 
cific factor was indicated by the evidence, 
“supposedlj a malaria parasite but a van 
ety capable of elaborating a potent hemoly 
sm ” Numerous writers have felt that the 
hemoglobinune attack was an anaphylactic 
manifestation Many other hypotheses 
largely speculative m nature have been 
offered to account for the phenomenon 
For a synopsis of these the reader is re 
ferred to Stephens (1937) very useful 
summary 

Pathogenesis The crux in the patho- 
genesis of blaekwater fever is the intra 
vascular hemolysis whatever its cause 
Whether it occurs m the peripheral circu 
lation or as advocated by Yorke Mutga 
troyd and Owen (1930) m the sinuses of 
the spleen and liver is still an open ques 
tion liytic substances have not been 
demonstrated in the serum or plasma of 
blaekwater fever patients The last named 
authors consider that several hemolytic 
crises rather than an isolated hemolytic 
episode are involved m the erythrocytic 
destruction They also note that but a 
small proportion of the released hemo 
globm is found m the plasma Fairley and 
Bromdeld (1934) observed that in any 
intravenous hemolysis only a very small 
amount of the liberated oxyhemoglobin 
finds its way into the urine They felt that 
the factor which provokes the hemolysis 
acta on the oxyhemoglobin to convert it 
largely into methemogJobin since the latter 
could not be demonstrated m washed cor 
puscles of these patients and jet was the 
predominant pigment m the plasma The 
latter workers concluded that much of the 
hemoglobm was taken care of by the 
reticulo endothelial system and subse 
quently the Uver In their cases there was 
evident a hyperbilirubmemia Also in two 
patients studied for this purpose a five to 
sevenfold concentration of hilirubm was 
found in the gall bladder As Boss (1932) 
said It IS possible that the relationship 
between the amount of hemoglobm con 


verted into bilirubm and the amount ex 
creted by the kidnejs may vary m different 
individuals He also noted that the libera 
tion of hemoglobm in malaria is not usually 
followed by hemoglobinuria If a rend 
threshold for hemoglobin exists and it ‘is 
not reached the hemoglobm will be dis 
posed of solely by the reticulo-endothelial 
sjstem, whereas if it is exceeded both this 
and the kidney undertake the duty of dis- 
posing of the excess ” The rapidity and 
degree of hemoljsis would obviously m0a 
euce this mechanism and the resulting 
symptoms 

Onset and symptoms Although Thom 
son (3924) consideted that there were 
premonitorj symptoms evident in black 
water fever and Manson Bahr (1931) de 
senbed a ‘pre blaekwater state Torie 
Murgatrojd and Owen (1930), as wel' as 
Ross (1932), could not support this opm 
lOQ It IS quite possible that m some m 
stances ^mptoms due to a concurrent 
m&lanal infection have been mistaken for 
premomterj symptoms of blaekwater fever 

In the majority of instances the hemo* 
globinuric paroxysm is ushered in by a 
ngor which vanes widely m its seventj 
Similarly its duration may vary from a 
fraction of an hour to as much as four 
hours In a study of 162 patients ivitli black 
water fever Ross (1932) observed rigor to 
be present in 114 or 70 per cent In about 

11 per cent of these the rigor did not occur 
until after the appearance of hemoglobi 
nuna Multiple rigors are not uncommon 
Stephens and Stott (1915) noted that the 
mode in the time incidence of rigors in 
their patients occurred between 9 a M and 

12 M Ross' (1932) experience was the 
same 

The constant aeeompanymg symptom of 
the hemoglobmunc attack is fever the 
duration of which vanes with the course 
of the illness The intimate association of 
pyrexia and the attack is of mterest mas 
mneh as Barratt and Yorke (1914) showed 
that the injection of red cell stromata (but 
seldom hemoglobm) mtravenously mto 
rabbits usually caused convulsions and 
death Fever may not commence to nse 
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for half an hour after the rigor and as a 
general rule the peak of the ferer curve 
occurs near the beginning of the attack and 
the temperature tends to fall ns the hemo- 
Ij-sis decreases. Exceptions to this are 
(a) the drop to normal or subnormal level 
m the case of anuria and (b) the eontmu 
ance of fever beyond the hensoglobinnric 
phase ( post hemoglobinuric pyrexia’ ) 
Instances of hyperpyrexia have been de 
scribed but appear to be uncommon 

'Tomilinp is not an uncommon BjTaptoin 
m hemoglohmune fever but is more prone 
to occur m the severe toxic and annnc 
tjpes. Commonly it is bilious m appear 
ance although some writers have described 
a black color distinguishable from the 
coffee grounds vomitus of yellow fever 
This distressing symptom may be limited 
to the onset or may continue for a vanable 
period during the attack m an mtenniUcnt 
manner htuch bile may be brought up 
Biccoughng is not infrequently associate 
with vomiting and like it seems to be most 
common in the same (severe) types of 
blsckwater fever 

SpUnomegalg sad Btpalomegal^ Decks 
and James (1911) found the spleen always 
to be enlarged and tender as long as the 
fever persisted This is of interest because 
in primary attacks of P /alcipamm ma 
laria the spleen u rarely palpable 
Where post hemoolobinuric fever exists 
the liver is more enlarged and tender than 
m malaria alone Blacklock and Mac 
donald (1928) considered the splenomegaly 
as a necessary preliminary to hemolysis and 
Manson Bahr (1931) stated that the spleen 
shrank as the hemolysis cleared up and 
considered this as evidence that hemolysis 
occurred primarily m the spleen 

Urine Hemoglobinuria is, of course the 
cardinal symptom of blackwater fever and 
It usually appears within an hour or so 
after the rigor occurs Occasionally it is 
delayed by as mueh as 12 hours or mote 
and in many of such instances the delay 
13 probably due to some degree of suppres 
Bion Spectroscopic examination may show 
the presence of both oxyhemoglobin and 
methemoglobm m the urme The former 


u more frequently found In 102 speci 
mens which showed absorption bands Ross 
(1932) noted that 55 per cent contained 
oxyhemoglobin 39 per cent both and 6 per 
cent methemoglohin The urine however 
may be negative spectroscopically and jet 
give a positive beniidme reaction Pseudo- 
methemoglobin the new pigment described 
by Fairley and Bromfield (1931) has not 
been found m the urihe although it does 
occur in the plasma These authors (1937) 
concluded that this pigment in the plasma 
bad been erroneously regarded as methe 
moglobin hj all observers ’ Foy and 
Kondi (193S) found no methemoglobm m 
the sera of blackwater fever patients m 
Greece More recently Fairley (1939) 
stated Miat the haem of the hemoglobin 
molecule is oxidized to hematm which 
unites with the serum albumui to form 
methemalbumm (p$eudo-metbemoglobm) 
The concentration of hemoglobin m the 
urine frequentlj shows considerable varia 
tion when samples are ezammed over a 
period of time and of course is influenced 
by the volume excreted Occasionally the 
first specimen voided after the rigor may 
be clearer than later ones The variation 
may also be affected by other possible fac 
tors such as additional hemolytic events 
and irregular release of hemoglobin into 
the mam blood channels from certain areas 
(spleen? livert) The duration of hemo* 
globmuria is likewise variable It is com 
monly less than 24 hours but may vary 
from 12 hours to a week or more It nat 
urally depends upon the degree of hemoly 
sis and its rate as well as the amount of 
unne excreted Possibly there are other 
factors TorkeandNauss (1911) advanced 
the hypothesis that hemoglobin is excreted 
by the epithelial cells of the convoluted 
tubules which are damaged m the process 
Desks and James (1911) noted that in 
all types at the onset of the attack there 
13 some suppression of urine followed as 
a rule by hypersecretion ' They had but 
one recover} among their patients experi 
encing complete suppression Barratt and 
korke (1909) advanced the hypothesis that 
anurm was due to precipitation of the 
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bemoglobm m tlie renal tubules and -was 
facilitated by any factor -which interfCTCd 
•with secretion of water by the malpighian 
bodies Occasionally a small amount of 
nrme may be voided after anuria has set 
m such a specimen may contain much 
albumin (solidifying on boiling) and may 
be free of hemoglobin Boss (1932) sug 
gested that this might indicate that the 
fluid IS largely mflammatory lymph from 
denuded surfaces of the tubules There 
may be considerable variation in the mti 
dence of ohguria and polyuria from patient 
to patient while many authors consider 
the latter a favorable sign Ross (1932) 
noted it m two tozie fulmmatmg attacks 

The urine is usually light red to black 
m color and contains urobilin m irregu 
larly mereased amounts Albuminuria haa 
been recorded in degrees as high as 50 pet 
cent and frea^ently persists for a few days 
after the hemoglobinuria Bile pigment 
and bile salu ere recognized as uncommon 
in blackwatef fever urme Ross stated that 
bilimbmuria -was not observed m bis 
patients unless the plasma yielded a direct 
Van den Bergh reaction to the extent of 
four units The urinary sediment consists 
largely of blood pigment This is present 
as (a) a majority of amorphous material 
and fb) casts which tend to increase m 
number as the disease progresses Fre 
quently thej persist for some time and 
epithelial and hjaliue casts may be seen 
later The observations as to the presence 
o£ erythrocytes are conflicting Some care 
ful observers however have indicated that 
they undoubtedly have been seen in some 
instances 

Icterus The degree of icterus occurring 
m blackwater fever is as one might reason 
dependent upon (a) the extent of the 
hemoljsis (b) the amount of hemoglobin 
excreted by the kidnevs and (c) the effi 
ciency of the biliary system in excreting the 
extra production Obviouslj then there 
IS going to be a certam amount of vana 
tion Early the Van den Bergh test gives 
the mdirect reaction of hemolytic jaundice 
later m anuria cases one may get the direct 
reaction characteristic of the obstmetive 


type of jaundice Icterus is infrequently 
absent usually appears earlv and may be 
evident prior to the rigor or the detection 
of hemoglobmuria It is marked m the 
fulminating toxic tjTie of infection if the 
patient survives over 21 hours Likewise 
icterus is usually quite definite when the 
hemoglobmuria is prolonged, either m tie 
contmuous or mtennittent type of black 
water fevtr The greatest degree of jann 
dice, however, is noted m those with 
anuria Ross (1932) makes an interesting 
pomt tiat gall stones were frequent m 
those who had had either blackwater fever 
or severe malaria , that stones removed from 
such individuals mvariably were composed 
entirely of calcium bilirubmate 
Blood The destruction of erythrocytes 
IS of course the outstanding feature m 
blackwater fever The rate and amount of 
loss vanes considerably and may be as great 
as one million red cells id 24 hours Actaal 
counts of Jess than s million erythrocytes 
per emm and hemoglobin values as low as 
ten per cent have been observed As the 
bone marrow responds, the immature forms 
in the erythrocytic senes may be found m 
the smears Anisocytosis poikilocytosa 
macrocytes and microcytes have been re 
ported The sedimentation rate is usually 
increased There is much inconsistency nx 
the different observations regarding the 
total leucocyte count and it is difficult 
therefore to determme possible correlation 
with clmical reaction It is generally 
agreed upon however that an mexease in 
mononuclear leucocytes is commonly 
though not invariably found and that 
there is frequently a lymphopenia 
Nitrogenous retention may reach high 
values in patients with anuria yet these 
persons usually do not show signs of 
uremia Bilirubin in the blood plasma 
reaches its greatest concentration m the 
toxic or the annric patients and may range 
from normal to SO or more units The 
color of the plasma is dependent upon the 
relative degree of hemoglobinemia and bill 
rubmemia Sfetbemalbunun (Fairley 1919) 

IS another pigment -which occurs m the 
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plasma Usually, though not alwajs a 
hypocholesterinem:a is present The alkali 
resenre may he normal or show a decrease 

Pro( 7 n£isii The death rate in black 
water fcTcr is about 20 to 30 per cent and 
IS about 10 per cent higher in the ease of 
tQultipIe attacls than in initial episodes 
In approximately 65 per cent it occnra 
during the first week. Cardiac failure is 
usually assigned as the came of death 
Prognostic signs of had omen ere (a) 
uncontroUahle vomiting (b) singultus 
(c) anuria, (d) a marked degree of icterus 
(e) a sudden drop in the temperature with 
prostration (f) grave anemia and (g) 
coma 

Pathology The lesions found m black 
water fever depend to some extent upon 
the stage of the disease at which death 
occurred The liver is enlarged congested 
end contains much bile The bile capil 
lanes stand out distmetly Hemosiderin 
and hemoglobin may be noted in the 
hepatie cells and malanal pigment is seen 
m the swollen endothelial cells. Necrosis 
of the parenchymal cells mav occur The 
spleen is swollen and shows much evidence 
of phagocytosis, hlneh pigment and red 
cell debris may be present the venous 
sinuses are usually dilated and hyperplasia 
of the malpighian follicles is commonly 


seen. The kidneys may show some enlai^e 
ment The epithelium of the convoluted 
tubules undergoes degenerative changes 
and the lumma contain casta made up 
largely of hemoglobin erythrocytic and 
other debris and epithelium The collect 
mg tubules likewise contain casts chiefly 
erythrocytic in origin 
Treatment The literaluie unfortu 
nately is cluttered up with suggestions for 
the treatment of this disease but many of 
these have not been given adequate trial 
and will not be mentioned here As > et no 
specific to control the hemoglobinuria is 
known Absolute rest and good nursing 
are of course of primary importance 
There would seem m most instances no 
good reason tor and Bome against tlie use 
of qumine In this circumstance atabnne 
may serve as an alternative although 
hemoglobmuria has been observed follow 
mg Its administration The parenteral in 
ycction of salme if done yudiciously appears 
to be of some value Transfusions perhaps 
several are apparently desirable m cases 
of severe anemia In the mam however 
the treatment la essentially symptomatic 
Becently Krishnan (1939) has reported the 
successful use of an adrenal cortex prepara 
tiOD concurrently with ascorbic acid and 
glucose lu seventeen patients 
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Huiiak malaria la a type of mfeetions 
disease m which the duration eerenty and 
outcome are affected by a number of Tari 
ables 8Uch as the species of parasite, the 
vanatiotts m its biologic properties, the 
length of infection the age and race of the 
host, the differing grades and kinds of re 
sistauce, the effects of relapse the kinds 
and amounts of therapy used and the con 
comitant inffueaees of mtercurrent and 
terminal infections It is apparent from a 
consideration of these facts that malaria 
can no more develop according to a simple 
pathologic pattern than can tuberculosis 
gTphilis or any other infectious disease 
tnth a variable clinical course Rather than 
attempting to describe pathologic details 
therefore this discussion will be directed 
toward those general pathologic aspects 
of malarial infection wLch have a direct 
relationship to infectious disease as a 
whole 

A satisfactory understanding of any in 
fectious process requires the study of 
properly fixed and stained necropsy mate 
nal from all stages of the disease It is be 
cause of this requirement that the story 
of the pathologic effects in human malaria 
IS as yet incomplete There are several 
reasons for this Very few patients die 
Iroin tertian or ipiartan iniectiuns , tuittier 
more, m eshvo-autumnal infections death 
does not usually occur for days or weeks 
and the pathologic picture is that of the 
end stage, with this frequently obscured by 
a terminal infection- Too frequently also 
necropsies are performed hours after death 
thus mterfering with satisfactory fixation 
and staimng of the tissues Correct inter 
pretation as to the site and extent of dis 
tnbution of malarial pigment m cells and 
organs has also been hampered by the wide 
spread use of fonnalm fixation with the 


attendant uncertainty caused by the pres 
ence in cells of the confusing "fon^m 
pigment ” It is because of these difficulties 
that although a great deal is known about 
the pathology of human malaria many of 
the current ideas about its earlier phases 
arc inferential or derived from expen 
mental sources 

The essential facta about the pathology 
of human malana may be summarized 
briefly as follows (Dock 1894, Barker 1895, 
Craig 1938 Councilman and Abbott 1885 
Seyfartb 1926) 

1 llalarial parasites after tbeir luittal 
entrance into red blood cells and tbeir con 
sequent dissemination throughout the body 
go through the characteristic cycles ol 
asexual development which produce m 
la^e measure, the ^mptoms of the disease 
The ultimate course of events depends upon 
the ability of the host to prevent the con 
tinued aeenaulatioa of the parasites and 
the ensuing parasitization of other red blood 
corpuscles Under ordinary circumstances 
as with tertian or quartan parasites the 
defensive mechanisms of the infected indi 
vidaal soon come into action and in tune 
the parasites disappear from the blood 
stream, tending to become localized pre 
dominantly in three organs vtz the liver 
Vue BiAten vtii Vtie vms 

row In those instancK where the para 
sites continue to multiply in the tissues as 
m infection with Plasmodium falciparum/ 
localization m these organs although oc 
earring to some extent fafls to counterbal 
ance the unrestricted reproduction of the 
parasites and the infection may ultimately 
become overwhelming and lethal 
2 The selective localization of parasites 
m the liver spleen and bone marrow oc 
curs because of anatomic and physiologic 
characteristics peculiar to these organs 
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(Cannon Sullnan and Neckermann 1932) 
They differ particularly from other organs 
m possessing blood sinuses m addition to 
ordinary capillaries this changes the char 
acter of the blood flow These smuses and 
the loose tissues around them are lined 
mlh or contain potentially phagocytic cells 
along or between which the parasitised 
erythrocytes must pass While doing so the 
parasitized cells are Tery likely to come into 
contact with phagocytes and he engulfed 
Proof of this IS seen in benign malaria 
where these macrophages become engorged 
with parasites and pigment but eventually 
cleanse the blood of infected red blood cells 
In malignant malaria on the other hand 
such phagocytosis for various reasons is 
presumably less effective and the infection 
progresses at times to the lethal stage 
Phagocytosis therefore sUnds out as the 
determining element m the progress of 
malaria infection and in the resulting 
pathologic picture of the disease 
3 Because of this selective localization 
of the parasites these three organs under 
go hypertrophy hyperplasia and pigments 
tiofl ell characteristic features of the 
pathologic response and in these processes 
additional pathologic complications may 
ensue as for example fatty and toxic 
changes in the liver hemorrhages or infarc 
tioas of the spleen and focal necrosis of the 
spleen and bone marrow Tbe mam reac 
tion between tissues and parasites in all 
organs however is essentially mesenchymal 
and the parenchymal lesions which may 
occur are presumably secondary and for the 
most part incidental 

4 Participation of lymphoid tissues is 
active in all three organs although most 
evident in the spleen as seen the pro 
liferative reactions of the splenic corpuscles 
and by the toxic necrosis pigmentation and 
depletion of the lymphoid structures 
It is probable therefore that as emphasized 
in the studies of simian malaria by Talia 
ferro and associates (1936 1937 this vol 
ume p 239) the l3Tnphoid tissues constitute 
an important part of the reaction to malarial 
infection and act as a sort of backlog or 
mesenchymal reserve from which mono- 
nuclear phagocytes may be derived 


5 The parasitization of the red blood 
cells and their dissolution during the course 
of schizogony leads to tbe anemia bo im 
portant a feature of malaria This vanes 
in seierity from the comparatively mild 
forms m chronic benign malaria to the ful 
minating types seen in pernicious malaria 
or in blackwater feier (IV hippie 1927) 
The influence of the infection upon the bone 
marrow is further reflected in the failure 
of the polymorphonuclear leukocytes to en 
ter the blood stream so that the usual blood 
picture is that of a leukopenia with a rela 
tivc 1> rophocytosis The large mononuclear 
elements however are frequently increased 
in the blood and at times may comprise 
twenty five per cent or more of the colorless 
corpuscles 

6 Parasitic localizations m organs other 
than the liver spleen and bone marrow are 
exceptiona] aod when they occur as in 
pernicious malaria are supposed to be due 
to embolic occlusions of capillaries and 
arterioles These embolic occlusions ap 
parently follow no general rule although 
they are seen more frequently m the brain 
heart and gastrointestinal trar*! They may 
occur however in almost any organ of 
the body as for example in the kidneve 
pancreas abdominal fat thyroid glands 
lungs or suprarenale 

7 Because of these vascular disturbances 
widespread toxit. and necrotizing lesions 
may develop These include the so called 
ring hemorrhages of the brain the pen 
vascular areas of necrosis tbe so called 
malarial granulomas the degenerative 
changes in the cells of the nervous tissues 
the toiio changes m the tubules of the kid 
neys particularly as seen m blackwater 
fever and the hemorrhagic and necrotizing 
lesions in the myocardium suprarenals 
and elsewhere (Dudgeon and Clarke 1917 
Oa^ell and Millar 1919-20 Allen 1926) 

Consideration of these pathologic facts 
suggests the similarity of malaria to bac 
terial infections and engenders the hope 
that common pathologic principles may 
govern both types of infection Looked at 
from the standpoint of an infectious dis 
ease malaria on the basis of an evaluation 
of Its pathologic effects may be considered 
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as a partjcular tjpa of jofectious process 
whieb follows the charactenstie pattern of 
any dissemmative type of infection It may 
thus be compared to septicemia pyemia, 
tuberculosis sjphilis typhoid fever plague 
undulant fever and the like 

In the natural history of all of these dis 
eases, certain general principles may be de 
duced as follows 

1 They may all, initially, be generalized 
infections, wi^ the infectious agents widely 
disseminated through the blood stream An 
essential difference is that the bacteria are 
earned in the blood plasma whereas the 
malaria parasites are earned within the red 
blood corpuscles (Rateliffe 1928) 

2 The clinical seventy depends upon the 
parasitizing potentialities of the infectious 
agents and the ability of the invaded host 
to restrict their development, their toxic 
effects and their tissue localization Such 
terms as virulence uvasiveness and toxico 
gemcity describe the bacterial proclivities 
whereas in malaria, the varying effects are 
commonly supposed to be due to the dif 
faring potencies of the * toxins ' liberated 
with the merozoites at each segmentation 
In both types of infection humoral and 
cellular mechanisms of defense determine 
the varying grades of natural and acquired 
resistance In tertian and quartan malana, 
for example the parasitizing abilities of 
the microorganisms are usually counter 
balanced by the resistance of the host in 
pernicious malaria on the other hand, the 
invasive potentialities of the parasites not 
infrequently overcome the resistive capacity 
of the host But whether the infection is 
bacterial or malarial the question whether 
it will be non lethal or lethal depends upon 
the ability of thi- infected person to convert 
a generalizing progressive type of infection 
into a localized regressive one The most 
important problem which confronts the 
host in any type of infectious disease there- 
fore, IS either that of confining the initial 
infection to a localized area or if this is 
not immediately possible of mobilizing de 
fensive mechanisms which may ultunatdy 
localize the infectious agents An adequate 
comprehension of this process m malaria as 


revealed by pathologic facts, should aid 
materiaUj in the better understanding of 
the genesis of the disease and the signifi 
cance of its chmcal symptoms 

The similarity m the pathologic conrse 
of events m benign malana and in typhoid 
fever is striking In both infections there 
IS the initial distribution of the infective 
agents throughout the body, followed by 
their predominant localization in the liver 
spleen and bone marrow This localization 
in malaria, is evidenced by the greater de- 
position of malarial pigment whereas, m 
typhoid fever it is characterized by the 
presence of ‘ focal necroses ” In both in 
fections there is hypertrophy and hyper 
plasia of the raticnloendotbeljal elements, 
ID both the usual blood response is a 
leukopenia In both, injury to erythrocytes 
and increased crythrophagocytosis lead to 
secondary anemia , m each there is a char 
acteristic increase in the number of mono 
nuclear leukoc>tes in the blood Zt is not 
surprising therefore, that in the past the 
two diseases were so frequently confused 
and that the term typhomalarza' was used 
so commonly to describe symptoms which 
might pertain to either disease alone or to 
their concomitant occurrence 
Pernicious malana on the other hand 
may more appropriately be compared with 
those fulminant and overwhdming bacterial 
or viral infections in which death occurs 
speedily because of the unusual virulence 
of the invading agents as for example m 
hemorrhagic smallpox, measles scarlet 
fever memngococcemia streptococcic hac 
tenemia etc Under these conditions an 
unusually invasive type of mieroorgamsin 
presumably overcomes the resistance of the 
host because tie defensive meebamsms of 
the latter are unable to localize it So m 
infection with P falciparum the effects 
are particularly senous because (1) of its 
greater ability to multiply and (2) of its 
greater toiicogenicity Tins species at 
tains a higher concentration m the blood 
has a shorter incubation period and thereby 
causes an earlier manifestation of symp- 
toms This may be due to the fact that 
if prodm-es more merozoites per schizont 



PATHOLOGIC ASPECTS OP HUUAN MALARIA 


217 


than do cither P max or P malcnae It 
IS also more toxic in the sense that it causes 
pra^ er sjuiptoms a severer anemia greater 
damage to the central nervous system more 
regressive changes m the infected erythro- 
cytes (the so-called brassy cells) and 
more severe degenerative changes in such 
parenchymatous organs as tlie heart liver 
kidneys and suprarenals It may also lead 
to widespread fatty degeneration of blood 
vessel walls leukopenia vascular hemor 
rhages and purpuric lesions 
In both types of fulminating infection 
the adverse effects may be explained on the 
basis of unrestricted parasitic growth in 
virgin soil This conclusion is sup 
ported bv the statement of Sfarchiafava 
(1931) that only recent infections or 
early relapses develop into pernicious ma 
lana According to him it is especiallv 
in organisms virgin to the malarial mfec 
tion that the estivo-antomnal parasites 
multiply more acutely reaching at times 
enormous cambers and developing greater 
virulence give rise to pemicioos symptoms 
And on the other hand with the persis 
tenee of infection in the organism this 
acquires a relative and partial unmunity 
an immonitv against the pernicious feature 
of the infection such as we see exemplified 
every day among the inhabitants of t^an 
ous communities He states furthermore 
that the hyperplasia of the spleen in per 
nicious malaria is always acute with the 
pulp soft and almost fluid and that the 
spleen never shows evidence of a chronic 
hyperplasia 

In all of these infectious processes 
therefore the primary pathologic effects arc 
centered in the activities of the system of 
macrophages or in other words m the 
reticuloendothelial svstem The contribu 
tion of myeloid elements to the circulating 
blood may or may not he a significant part 
of the bone marrow response but the fixed 
tissue reticular cells of the marrow act to 
engulf the foreign elements circulating m 
the blood In the liver spleen and bone 
marrow which have been aptly called the 

pnmarv blood filters ’ the first clash he 
tween invader and invaded occurs and 


here the immediate outcome of the infection 
IS determined If the disease is fulminating 
or malignant deatli mav occur because these 
organs are unable to localize the develop 
ing infection In more favorable cases on 
the other hand localization is accomplished 
and in the hvpertrophied macrophages of 
the splenic cords the Kupffer cells of the 
liver and the reticular cells of the bone 
marrow are seen the malarial and blood 
pigments as the characteristic effects of the 
successful struggle All other pathologic 
effects of malarial infection therefore may 
be regarded aa departures from the pn 
mary purpose of blood clcansmg and organ 
localization and depend for the most part 
on local peculiarities massiveness of infee 
tion embolic accident or pure chance 
One may ask the question Why does 
malaria show such a definite predilection 
for the rcticnloendothelial system! It is 
equally proper to ask, however why in 
bacterial septicemia typhoid fever undu 
lant fever miliary tuhercnlosis and in 
acute syphQis the same predilection is 
manifest^! Why for example in tertian 
and quartan malaria and in bacterial septi 
cemu are such organs as the myocardium 
thyroid gland pancreas suprarenals lungs 
brain kidnej-s and gastrointestinal tract so 
rarely affected! The answer requires a 
true understanding of the conditions which 
influence the removal of infective agents 
from the circulating blood this in turn 
requires a more detailed consideration of 
two fundamental problems viz the essen 
tia\ nature of endothelium and the dynam 
ICS of capillary blood flow 
There has long been confusion regarding 
the essential nature of endothelium and its 
part in the localization of infectious disease 
This is due to the fact that many persons 
have believed that all cells lining blood ves 
sels are by definition endothelial cells and 
that because some are actively phagoejtie 
all are likewise so The popularity of the 
term ‘reticuloendothelial system has also 
encouraged many to believe that all endo- 
thelium IS actively or potentially phago- 
cytic and that from it arise the circulating 
mononuclear leukocytes of the blood 
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The facts of infeetjous disease, however 
prove beyond a doubt that under the ordi 
nary conditions of blood flow phagocytosis 
by endothelium is extremely uncommon 
And even when there is some evidence that 
it may occur the possibility cannot be ex 
eluded that the infectious agents are merely 
passing through the endothelial cell rather 
than having been phagocytosed In many 
infectious diseases mduding malaria 
numerous attempts have been made to 
demonstrate the role of endothelial phago- 
cytosis m common endothelium (Bruetsch 
1932a), but the evidence of the commonness 
or the importance of such activity is scanty 
and unconvincing 

It is not surprising that this is so Com 
mon endothelium as it Imes capillaties 
arterioles and larger blood vessels consists 
of stretched-out cells with but little cyto 
plasm available for phagocytic action 
Jfaximow (1927b) described them as "fixed 
highly differentiated cells" which belong 
to the group of fibrocytes Aecordmg to 
this enuneut histologist 'the role of the 
endothelium m the adsorption and neutrali 
zation of toxins and in other general reae 
tions combatmg mfections or intoxications 
may be important but it is not manifest 
m appreciable morphologic changes 6n 
dothelium therefore, may be thought of as 
a blood tissue barrier which keeps formed 
elements constantly confined to the blood 
stream but which allows diffusion of oxy 
gen carbon dioxide and metabolites of the 
blood and tissues So long as it remains 
nnmjured, infectious agents in the blood 
stream may pass into and out of most 
organs until m their passage through the 
liver, spleen or bone marrow they en 
counter altered conditions of blood flow and 
come mto contact with t'he phagocytic cells 
It is because of contact of the parasites with 
these specialized cells sometimes called 
"special endothelium and not because of 
contact with common endothelium that 
they are engulfed and removed from the 
blood stream This entire selective mecha 
nism may well be regarded as a wise adapts 
tion of nature a specialization of organic 
function whereby vital organs are shielded 


from many of the more serious vicissitudes 
of life 

It IS well to think, conversely, of what 
might happen if common endothelium were 
functionally active and participated ener 
getically as a phagocytic tissue In eveiy 
bacteriemia phagocytosis by common endo- 
thelium would mterfere with the normal 
circulation of blood through many impor 
tant organs, the ensuing circulatory dis 
turbances and the resulting localized m 
flammations would surely make common 
such conditions as th 3 rroiditis myocarditis, 
pancreatitis myositis adrenalitis orchitis 
oophoritis and the like The fact that this 
does not happen constitutes excellent pre 
snioptive evidence therefore that under 
ordinary conditions of blood flow, but little 
phagocytosis by endothelium occurs 

Furthermore under the usual conditions 
of blood circulation through capdlanes and 
lai^er vessels the rapidity of blood flow 
makes it unlikely that many opportimi 
ties may be afforded endothelial cells for 
effective phagocytosis And even under 
conditions of blood stasis the extent of 
phagocytosis by endothelium is slight In 
instances of extreme sluggishness of blood 
flow as for example, m association with the 
hemoconcentration of shock (Moon 1939) 
some agonal phagocytosis hy endothelium 
jnigbt contribute to tte process of capillary 
occlusion so prominent a feature of per 
Dicious malaria 

This problem of capillary occlusion m 
pernicious malana has been a perplexing 
one for many years Although vascular 
ocdosion by parasitized erythrocytes is par 
ticolarly common in the white matter of the 
brain the fact that it may also occur in 
other organs as for example m the myo- 
cardiiun gastrointestmal tract or elsewhere, 
saggests that local causes do not explain the 
condition adequately These embolic oc 
elusions cannot be attributed to the effects 
of swelling of the erythrocytes because 
these cells tend to enlarge in infection wifli 
P vtVQX where such embolization does not 
occur and tend often to shrink m infections 
with P falciparum 

One feature of pemicions malaria which 
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IS noteworthy is the vascular injury as re 
vealed by generalued fattj degeneration 
hemorrhages into the brain purpura etc 
Such a condition should certainly predis 
pose to loss of fluid elements of the blood 
similar to that m shock and as it does par 
ticularly in the algid forms of pemieioos 
malaria There is also evidence of bemo' 
concentration in pernicious malaria at 
times which might also lead as aforemen 
tioned to an increased tendency to blockage 
of capillaries 

A factor not adequately considered in the 
genesis of capillary occlusion m pernicious 
malaria is that of agglutination of parasi 
tized red blood cells although Cropper 
many years ago (1908) in smears taken 
from the blood of a patient two hours he 
fore death from pernicious malaria de^ 
scribed the clumping of red cells m masses 
a phenomenon which be said so far as I 
know has not been previously observed m 
peripheral blood though it is commonly 
seen in the brain and other organs affected 
in pernicious attacks after death I 
would conjecture that such masses must 
occur m the internal organs in intense in 
lections but that as a rule they are not seen 
bemg eliminated and Altered out from the 
blood in the spleen or liver thus giving nse 
not only to enlarged spleen but also to 
bilious remittent attacks and malarial hep 
atitis Where however other organs snch 
as the brain the kidney the pancreas or 
mtestinal walls are affected cerebral symp 
toms etc develop 

Dudgeon and Clarke more recently 
(1917) refer repeatedly to the presence of 

agglutinated red blood cells in thrombi 
seen m the brain kidneys and suprarenals 
of patients dying of pernicious malaria 

These observations merit more mvesti 
gation in the light of Knisely s recent dem 
onstration by cmematophotography that m 
severe infections of rhesus monkeys with 
P knoulest erythrocytes actually aggluU 
nate in the circulating blood stream follow 
mg which the agglutinated masses while 
passing through the liver are quickly en 
gulfed by macrophages 

Evidence further substantiating this 


viewpoint 13 presented m the following 
ease of pernicious malaria (Case #3883 
Department of Pathology The University 
of Chicago) 

The pathologic findings in this patient 
are of particular value because she bad 
probably had no previous malarial infec 
tion the present infection was unsuspected 
and no anti malarial treatment was given 
furthermore necropsy was performed two 
hours after death The patient a woman 
50 years of age developed symptoms of 
epigastric pain nausea and vomiting fol 
lowed by irregular fever rapid pulse and 
moderate leukopenia She had recently 
been on a boat trip to Central America and 
these symptoms first appeared about 8 days 
alter her return The total duration of 
illness from the first chill until death was 
9 davs Figs 1-6 inclusive furnish evi 
dence of the unequal distribution and con 
cenlratioD of the malarial parasites in 
various organs Fig 5 is especially inter 
esting in that it shows intravascular ag 
glntmatioQ of parasitized erythrocytes 
Fig 3 also shows the accumulation of para 
Bitued erythrocytes m a mucosal capAlary 
of the ileum nith an adjacent venule con 
taming no parasitized red blood cells Such 
an appearance can be ezplamed by the 
graded screening out of parasitized 
erythrocytes as they pass through capd 
laries with non parasitized ones thus com 
prising the bulk of the venous outflow 
Such an agglomeration cannot be readily 
explained by chance but could be due in 
the lungs to a similar adherence of parasi 
tued erythrocytes on their passage through 
intra ^veolar capillaries and their occa 
Bional outflow into pulmonary veins 

These evidences of intravascular ag 
glomeration are to be expected if malaria 
is a type of infectious disease which follows 
the general pattern of infectious processes 
Agglutination of bacteria m the tissues is 
a recognized phenomenon (Sullivan Neck 
ermana and Cannon 1934) It is due 
presumably to the deposition of antibody 
protein on the surface of the antigenic par 
tides thus changing their surface proper 
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ties and making them more cohesive buth 
to themselves and to snrrotmding tissues 
The demonstrations of agglutination m 
pernicious malaria therefore suggest the 
presence of an antibodv n-hose action be- 
comes manifest after a proper interval of 
time and when the parasitic population m 
the blood is large enough to afford op 
portunities for contact between nnmerons 
parasiti2ed red blood corpuscles If tbia 
esplanation is correct, the prevenbon of 
intravascular agglutinabon would seem to 
require earlj intensive and adequate 


chemotherapy m order to prevent the in 
crease of the parasitic population to the 
cribcal level 

Jh summary then there are many strik 
mg similanbes, as revealed by pathologic 
studies between malarial and bacterial m 
fectiom If the conclusion is correct that 
the two tjqies of infection are essentially 
similar a better understandmg of malaria 
should develop from the further applies 
tion to its study of ideas and methods which 
are now well established for bacterial infec 
lions 


Figs 1-6 lacL Photomierograplis from ceetums of patient (J39S3) who died from untreated permooBS 
malam. Fnation in Zenkers goJution (mtbont aeetie aod) Stained with hematoiylin-eoMu amre H. 
FiQ 1. X 15 5 Note the accumulation of parasitued erythroeTtes in a capillary of the myocardium. 

Fig S x 1S50 hote the aeareity of paraaitiaed erythroeytea in a gmaS renal rem. 

Fio 3 xXSOO A eapiUaiy m the mneoas of the ileom « ohstnicted by parasitued erythrocytes 
whereas a contiguous renole eontaina no parasitued red tells xa the local plane examined. 

Fio 4. X1150 llanr paraaitued erythroeytea aro eoneentraled in the red pulp of tie spleen. ^Bta 
the absence of eonspicuons phagocytosis. 

Fia $ X 14.5 A cross section of a pulmonary vein showing as agglotinated clomp of parasituea 
erythrocytes fumitnded by non para-itired red teSs. 

Flo 6 x57S A depleted splenic corpuscle nrroond^ by many parasitized erythrocytes u the red 
pulp 
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There is no phase of the study of malaria 
which offers more promise of interest and 
accomplishmoit to the worker m the elmi 
cal and biochemical fields than the physio- 
logical changes produced m human tub 
jects and experimental animals by the 
various species of malarial parasites 
These changes may best be appreciated 
by renewing briefly the effects produced 
by the asexual cycle of the parasite in the 
human host 't^en sehuogony has been 
completed the schitont ruptures the cry 
throeyte liberating hematin ealta cell 
constituents and possibly toxins into the 
blood plasma The chill and fever are 
clinical manifestations of this event when 
Urge numbers of parasites complete eebuog 
ony at one time When Urge numbers are 
constantly completing schuogony a con 
tinnous or irregular high fever with other 
severe clinical manifestations occurs 
The continuous xepetiUon of the asexual 
cycle has fa ther effects on the blood and 
other organs of the body The number of 
erythrocytes is reduced and an increased 
proportion of young erythrocytes appears 
in the circulation The proportion of ery 
throeytes to plasma is decreased The 
plasma proteins bpoids carbohydrates and 
salts are thrown out of normal balance 
The erythropoietic function of the bone 
marrow is stimulated The secretory and 
excretory activity of the liver and kidneys 
IS mcreased and the functions of other 
glands such as the snprarenals may be 
stimulated or disturbed. In addition the 
occurrence of chills and fever makes greater 
demands on the carbohydrate and protein 
metabolism thus depletmg the storage of 
these substances in the liver and muscles 
The phagocytic mechanism of the body la 
stimulated causmg multiplication and in 


creased activity of the reticulo endothelial 
cells 

Two oUier phenomena which produce 
serious physiological disturbances m ma 
lana are the plugging of capillaries by 
erythrocytes parasitized by P falciparum 
and the sudden intravascular hemolysis 
known as blackwater fever which severely 
alters the constituents of the blood plasma 
and often places an insuperable strain on 
the excretory functions of the kidneys 

It u now appropriate to discuss m detail 
the changes which malarial infection pro- 
duces in the constituents of the blood and 
m the functions of various organa of the 
body Although the subject of this sym 
posinm 13 human malaria eertam additions 
to onr knowledge have been contributed by 
recent research on monkey malaria and 
these will be drawn upon to supplement 
observations on human subjects Space 
permits reference to only a limited number 
of papers in the enormous literature in this 
field 

Blood Proteins 

Ohosh and Bmton (1935) reviewed the 
observations made previously on the blood 
proteins in human cases of malaria Most 
of the work had been done on blood serum 
There was general agreement that the total 
of serum proteins was reduced both in the 
acute and in the latent stage of the disease 
This reduction involved principally the 
serum albumin The serum globulin was 
usually not reduced and was often in 
creased and the proportion of euglobulm 
was always mcreased The globulin albu 
mm ratio was always mcreased though 
usually not above unity These changes 
were more marked m acute than m 
chronic infections Radosavljevic and 
Bistie (1926) found that in the blood 
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plasma there was an increase in fibrinogen 
at the height of each malarial paroxysm 
with an absolute decrease of albumin and 
that these conditions were reversed during 
the apjrexial period 

Chopra Mukherjee and Sen (1935) 
studied the serum proteins in human cases 
during and after the paroxjsm and found 
that during the rigor there was a consider 
able decrease la the albumin and a slight 
increase in the euglobulm while the pseudo 
globulin remained practically normal 
After the rigor had subsided the changes 
in proteins were found to be similar to 
those found during the rigor but the 
changes were less marked 

The increase of euglobulm m malaria 
is associated with the development of 
Henry s melano flocculation test for the 
diagnosis of the disease Ohorme and ins 
CO workers (1934 1938) and a number of 
others ha>e shown that this reaction is not 
dependent upon antigenic properties of 
melanin specific to malaria but is due to 
the flocculation of euglobulm with melanm 
as an indicator Chorine and Oillier 
(1934) showed that the flocculation de 
pended upon the molecular concentration 
of the serum flocculation being prevented 
by the solubility of euglobulm if the mo 
lecular concentration was inerea^ed On 
the basis of this work Proske and "Watson 
(1939) developed a protem tyrosm color 
test for the diagnosis of malaria m which 
they completely precipitated the euglobu 
Im by the use of 13 5 per emt sodium 
sulfate 

The blood urea apparently undergoes no 
significant change m malaria unless there 
is severe damage to the iidneys either in 
malignant malana or associated with 
chronic malaria or blackwater fever 

One of the mterestmg phenomena asso 
ciated with malaria, and probably related 
to the blood proteins is the development 
of positive reactions to serological tests for 
syphilis Although a number of conflictu^ 
reports have appeared from tune to time 
Kitchen Webb and Kupper (1939) have 
shown that positive tests are obtamed regu 
larly during some period of the climcal 


disease The duration of the seropositive 
period varied considerably but was as mneh 
as four weeks m nearly half of the cases 
The percentage of positive reactions was 
highest during the third week following the 
last previous paroxysm These findings 
emphasize anew the non specificity of tie 
present serological tests for syphilis 
Physico chemical changes which are 
pmbably related to the blood proteins have 
been found m both faijman and monkey 
malaria Smton, Orr and Ahmad (1928), 
studying human cases found a slight de 
crease m the surface tension of the serum 
during the rigor with a return to normal 
afterward In three out of four cases they 
observed a rise in the refractive index of 
the serum during the rigor Kehar (1936) 
stndied these and other ph^sico chemical 
changes m monkeys infected with F 
knoulest He found that the surfaue ten 
sioD of the serum decreased considerably 
as the disease progressed and that there 
was a slight but persistent rise m the re 
fractive index during the acute period of 
the infection but that no variations were 
observed in the speuiflc gravity of the 
serum 

The sedimentation rate of the erythro 
cytes in malaria has been studied by a few 
investigators Badosavljevio and Ristic 
(1926) found that dunng the rise of tern 
perature there was a decrease of the sedi 
mentation rate associated with a decrease 
of total plasma ' albumen" and an increase 
of plasma fibrinogen During the fall of 
temperature and m the following fever 
free period the sedimentation rate mcreased 
to a level above normal while the 'total 
albumen’ and fibrinogen showed only a 
partial return toward normal Durmg the 
active stage of the disease these changes 
became progressively more marked but 
returned to normal gradually during spon 
taneous remissions or more quickly after 
qaiDine treatment They found these 
changes not only m the clmjcal stages of 
the disease but also m the incubation 
period and just before relapses and be 
lieved that they were related to the sporu 
lation of parasites rather than to the mere 
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presence of parasites in the peripheral 
blood Thej suggested that the ehnical 
phenomena were evidences of hypersensi 
tivity to the parasites and that Bpontancous 
remission was an evidence of desensitiia 
tion 

Kehar and Harbhagwan (1937) report 
mg observations made by hluUigan found 
a considerable increase in the sedimentation 
rate durmg the acute phases of human in 
fections with both P luax and P /afct- 
parum 

Blood Lipoids 

Cholesterol and lecithin have been mea 
sured in a few instances in both human 
and monkey malana Kehar (1937) found 
an increase in cholesterol in human malana 
during the rigor stage and a decrease to 
below normal durmg the afebrile periods 
before and after the paroxysm as well as 
in chronic infections. There was a high 
correlation between the cholesterol content 
and the temperature but the fall m cboles 
terol preceded the fall in temperature In 
monkeys infected with P knouUsi he foond 
a sbght fall in cholesterol during the pri 
mary acute attack Since this infection is 
not characterued by paroxysms of fever 
aa m human malaria, the relation of the 
cholesterol to such episodes could not be 
determined In monkeys dymg of over 
whelming infection without hemoglobinuna 
the cholesterol contmued to fall uutil death 
In monkeys in which hemoglobinuna oc 
curred as a terminal event there was a 
sharp termmal rise m cholesterol LeciUun 
determmations demonstrated a close corre 
lation between the amount of this substance 
and the amount of cholesterol m the serum 
both before and durmg malaria infections 
Krishnan Qhosh and Bose (1936) also 
studied the cholesterol changes in monkeys 
infected with P knowlest They found 
wide fluctuations during the early penod 
of parasitemia and a distinct tendency 
toward a decrease when the mfection be 
came intense If the cholesterol remained 
normal or rose to normal or above after the 
occurrence of hemoglobmuria the hem^lo* 
bmuria mvanahly disappeared These 


anthors concluded that cholesterol was 
capable of exerting an inhibitmg influence 
on hemolysis and hemoglobmuria resulting 
from intense infection in monkeys Kehar 
(1937) however was unable to protect 
monkeys from the onset of hemoglobinuna 
by the administration of cholesterol 

Blood Sugar 

Smton and Kehar (1931) reviewed the 
literature on the blood sugar in malaria and 
made observations on human cases of P 
tntox and P falaparum infections There 
was always a rise durmg fever sometimes 
to a level sbghtly above normal limits 
(maximum 149 mg per cent) and a fall 
after the fever to a level usuallj sbghtly 
higher than before the fever In three 
patients followed at short intervals during 
the febrile penod it was found that the 
peak of the blood sugar level was reached 
sbghtly before the peak of temperature 
and began to declme sbghtly before the 
temperature In one case of P falaparum 
similarly studied the rise m blood auger 
was much greater than in the P vitax 
cases reaching 206 mg per cent The rue 
m temperatnre was not so marked os m 
the vivax cases but was of longer dura 
tion and the blood sugar began to fall be 
fore the maximum rise of temperature was 
attained The authors discussed the pos 
Bible causes of the rue in blood sugar and 
concluded that it was chiefly due to an 
increased glycogenolysis following an m 
creased activity of the adrenal glands with 
an mcreased secretion of adrenalm They 
called attention to the similarity of this 
mechanism to that occurrmg m protein 
shock. 

An interference with the storage of gly 
cogen in the liver has been emphasised by 
a number of workers who studied the func 
tional capacity of the liver in malaria 
Smton and Hughes (1924) found a de 
crease m levulose tolerance and Huge 
(1935 1939) a decrease m galactose toler 
ance in human subjects indicating a du 
tnrbance of the glycogenetic function of 
the bver 
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Blood Salts 

Changes m the concentration of -various 
salts in the blood plasma due to malarial 
infection appear to be limited to the period 
immediately after the rupture of large 
numbers of erythrocytes The only salts 
•which have a higher concentration within 
the erythrocytes than in the plasma are the 
potassium salts The amounts of other 
salts are so much greater in the serum than 
m the erythrocytes that the addition of the 
amounts contained in ruptured erythro 
cytes does not materially aSect theur per 
centages in the plasma 

Zwemer Sims and Coggeshall 
studied the plasma potassium level in hu 
man and monkey malaria In eleven hu 
man cases of P tiivoa: infection the plasma 
potassium was found to rise suddenly from 
an average of 22 mg per cent to an aver 
age of 34 mg per cent at the time of the 
chill It fell rapidly before the peak of 
fever was reached and attamed its previous 
level m an average of 14 hours This rapid 
fall was probably due to excretion through 
the kidnejs In monke>s infected with P 
\nowlssi wluch undergoes sehirogony every 
24 hours it was more difficult to observe 
these sudden rises m plasma potassium, but 
they were observed when specimens were 
obtamed exactly at the time of sporulation 
When the infection became intense and the 
erythrocyte count became low the whole 
blood potassium fell off to approxunatelj 
33 per cent of the initial values and the 
plasma potassium level showed a gradual 
decrease in the base line between periods 
of sporulation The increase m potassium 
level at the time of sporulation was some 
times too great to be accounted for by the 
potassium content of parasitized erythro 
cytes and the authors presumed that potas 
Slum might also have been released from 
body cells in general due either to the toxic 
action of the released potassium or to cel 
lular damage produced by the elevated 
temperature These authors called atten 
tion to the toxiu effect of high plasma potas 
Slum on the adrenal cortex 

Junior and Brandao (1937) described a 
senes of cases of malaria which presented 


a sjndrome of adrenal insufficiency mclud 
mg the picture of Addison s disease 
Chessa (1938) studied cases which dim 
cally Suggested adrenal hypofunetioa and 
showed that 35 per cent of them bad a 
hjpersensitivity to insulin Paisseau and 
I^aire (1916) and Natali (193-1) de 
scnbed profound changes m the adrenal 
cortex in autopsies on patients who had 
died of P falctparum malaria Natali also 
found similar changes m monkejs dying of 
infection with P knowlesi 

Blood Pigments 

Hemahn (baemozoin) The composition 
of the pigment found m malaria parasites 
was the subject of discussion from the tune 
the parasite was discovered Its resem 
blance to melanin and the fact that it did 
not give the ferrocyanide reaction for iron 
Jed many to beJieve that it was actually 
melanin This was the basis of the use of 
melanin m the Henry reaction for diag 
nosis Brown (1911a) was the first to make 
an extensive chemical examination of ma 
larial pigment and came to the conclusion 
that it was identical with hematin Siston 
and Ghosh (1934a 1934b) and Ghosh and 
Sinton (1934) firmly established the iden 
tity of the two substances sbowmg that 
haemozom gave all the chemical and spec 
troscopie reactions of hematm that when 
purified it bad the same rate of solution 
and that its chloride and iodide salts were 
identical with similar salts of hematin 
The hematin formed m the malaria 
parasites during their development in the 
erythrocytes apparently retains its chem 
leal structure for some time after para 
eitized erythrocytes which have been phag 
ocytosed by the reticulo endothelial cells 
are digested Brown (1911b) showed that 
powdered hematin remained for weeks m 
tissue cells with but sbght and slowly 
progressing alteration It is also probable 
that much of the hematm liberated into the 
blood plasma -with the fully developed 
schizonts remains in particulate form and 
IS phagocytosed by the reticulo endothelial 
cells since these cells contain more hematm 
than can easily be explained by their phag 
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oeytosis of parasitized erythrocytes The 
hematm which is liberated mto the blood 
plasms may be a factor m causing the 
malarial paroxjsm since Brown (1912) 
showed that alkaline hematm injected 
intravenously mto experimental a&tmals 
caused a similar paroijso He also re 
ported (Brown 1913a 1913b Brown and 
Loevenhart 1913) that hematm produced 
pathological changes m the blood circnla 
tion and kidneys somewhat comparable to 
those seen m malignant malaria 
Hematm probably acts as one of the 
stimulants to the reticuloendothelial sys 
tern in malaria It may also produce a 
blocking effect on the reticulO'endothelial 
system, such as is produced by the mtra 
venous mjection of inert particulate mat 
ter and may thereby produce a disfunction 
as well as a hyperfuuction of these cells 
Hemoglobin Probably not all of the 
hemoglobin in parasitized erythrocytes is 
changed into hematm by the time the ma 
ture sehizonts rupture the erythrocytes 
end conseiiuently some of it is probably 
liberated into the blood plasma It is not 
ordinarily detectable m the blood plasma 
in malaria because of its rapid transfer 
matioa by the reticulo-cndothelial cells mto 
bilirubin with the liberation of iron The 
bilirubin is quickly discharged mto the 
blood plasma and m heavy malarial mfec 
tions IS detectable there m considerable 
quantities produemg an indirect Van den 
Bergb reaction It is absorbed fay the 
parenchymatous cells of the liver and 
secreted m the bile In excessive amounts 
it probably contributes to disfunction of 
the liver and constitutes an important part 
of the thickened bile which may be respon 
Bible for the bo called bilious symptoms of 
some severe cases of malaria 

If the iron from the hemoglobin is not 
immediately utilized in the reformation of 
new hemoglobin jt may be found in the 
form of hemo&iderm. m the parenchyma 
tous cells of the liver kidneys and other 
organs 

In blackwater fever where a sudden 
massive hemolysis of the erythrocytes oc 
curs, hemoglobin is found in the blood 


plasma in large quantities Since it has a 
fairly low threshold of excretion m the 
kidneys some of it escapes by this route 
Most of it however is quickly changed to 
bilirubin by the reticulo endothelial cells 
It IS not the province of this paper to deal 
with blackwater fever but since there are 
many cases of malaria m which a small 
degree of hemolysis occurs without the clin 
ical picture of blackwater fever it seems 
desirable to call attention to another 
change which may take phee lu the hemo- 
globin liberated into the blood plasma 
Fairley and Bromfield (1934) discovered a 
pigment very similar to methemoglobin m 
the blood plasma of a case of blackwater 
fever They first called this pigment 
pseudomethemoglobin later they found 
that It did not contain globin but was a 
combmatioD of bematin with crystalbumm 
an albumin found in the sera of only man 
and monkeys and renamed it methemal 
bumin (Fairley 1933) Further investiga 
tions by these authors (Fairley and Brom 
field 1937) and by Foy and Kondi (1938) 
showed that this pigment occurred m the 
plasma of most of the cases of blackwater 
fever which they studied and that methe 
mc^IobiD which was previously supposed 
to be the brown pigment present m the 
serum of these cases did not occur in the 
plasma but was formed in the urme as a 
product of hemoglobin hlethemalbumin is 
never excreted in the urine apparently be 
cause of the large sue of its molecule 

Red Blood Cells 

The progressive anemia produced bv ma 
lanal infection is usqally of the secondary 
type with evidence of normal or stimulated 
functioning of the bone marrow although 
in some cases of chronic infection both with 
P falciparum and P vnax a primary type 
of anemia has been described The two 
conditions usually can be differentiated in 
the blood itself by the Price Jones curve 
for measuwng the diameters of the cells 
(Fairley and Bromfield 1933) 'With the 
pK^TCssive reduction in erythrocytes the 
Oxygen carrying capacity of the blood is 
reduced and this of course mterferea with 
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Blood Salts 

Changes m the concentration of various 
salts in the blood plasma due to 
infection appear to be limited to the period 
immediately after the rupture of large 
numbers of erythrocytes The onlj salts 
■which have a higher concentration mthm 
the erythrocytes than in the plasma are the 
potassium salts The amounts of other 
salts are so much greater m the serum than 
in the erj throcytes that the addition of the 
amounts contained m ruptured erytbro 
cytes does not materially affect their per 
eentages m the plasma 
Zwemer Sims and Coggeshall (19-10) 
studied the plasma potassium level m hu 
man and monkej malaria In ele\en hu 
man cases of P uvax infection the plasma 
potasstwa was found to rise suddeolj from 
an average of 22 mg per cent to an aver 
age of 34 mg per cent at the time of the 
chill It feu rapidly before the peak of 
fever was reached and attained its previous 
level in an average of 14 hours This rapid 
fall was probably due to excretion through 
the kidneys In monkeys infected with P 
knoulasi which undergoes schizogony every 
24 hours it was more difficult to observe 
these sudden rises m plasma potassium but 
they were observed when specimens were 
obtained exactly at the time of sporulation 
When the infection became intense and the 
erythrocyte count became low the whole 
blood potassium fell off to approximately 
33 per cent of the initial values and the 
plasma potassium level showed a gradual 
decrease m the base line between periods 
of sporulation The increase m potassium 
level at the time of sporulation was some 
times too great to be accounted for by the 
potassium content of parasitized erythro 
cytes and the authors presumed that potas 
Slum might also have been released from 
body cells m general due either to the toxic 
action of the released potassium or to cel 
lular damage produced by the elevated 
temperature These authors called atten 
tion to the tone effect of high plasma potas 
Slum on the adrenal cortex 
Junior and Brandao (1937) described a 
senes of cases of malaria which presented 


a syndrome of adrenal msufScieney mclad 
mg the picture of Addison’s disease 
Chessa (1938) studied cases which rl| ti| 
cally suggested adrenal hjpofunction and 
showed that 35 per cent of them had a 
hypersensitivity to insulin Paisseau and 
Bemaire (1916) and Natali (1934) de 
scribed profound changes m the adrenal 
cortex in autopsies on patients who had 
died of P /alctparum malaria Natali also 
found similar changes m monkeys dvmg of 
infection with P Inowlesi 

Blood Pioments 

Bemaiin (haeraozom) The composition 
of the pigment found m malaria parasites 
was the subject ot discussion from the tune 
the parasite was discovered Its resem 
Wance to melanin and the fact that it did 
not give the ferrocyamde reaction for iron 
led man> to believe that it was actuallv 
melanin This was the basis of the use of 
melanin in the Henry reaction for diag 
nosts Brown {1911s.) was the drst to make 
an extensive chemical examination of ma 
lanal pigment and came to the conclusion 
that It was identical with hematin Smton 
and Ghosh (1934a, 1934b) and Ghosh and 
Smton (J934) firmly established the idea 
tity of the two substances showing that 
haemozom gave all the chemical and spec 
troscopic reactions of hematm that when 
purified It had the same rate of solution 
and that its chloride and iodide salts were 
identical with similar salts of hematm 
The hematm formed m the malaria 
parasites durmg their development m the 
erythrocytes apparently retains its ehem 
ical structure for some tune after para 
eitized erythrocytes which have been pbag 
ocjtosed by the reticuloendothelial cells 
are digested Brown (1911b) showed that 
powdered hematm remained for weeks in 
tissue cells with but slight and slowly 
progressing alteration It is also probable 
that much of the hematm liberated mto the 
blood plasma •with the fully developed 
Ecbizonts remams m particulate form and 
IS phagocytosed by the reticulo endothelial 
cells smee these cells eontam more hematin 
than can easily be explained by their phag 
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13 often profound but most of the observa 
tions on man have been purely cbnieal 
Brown and Loevenhart (1913) found that 
the injection of alkaline hematin into dogs 
and cats caused dilatation of the splanchnic 
vessels constriction of the cutaneous ves 
sels and a marked fall in blood pressure 
The heart rate was slowed and the cardiac 
output diminished These effects were ap 
parentlj due mainly to toxic action on the 
\asomotor and cardio-inhibitory centers 
Dudgeon and Clarte (1917) reported fatty 
degeneration of the heart muscle in fatal 
cases of malaria similar to that seen in 
diphtheria They also reported thrombosis 
of vessels m the brain spleen kidneys and 
adrenal glands 

Serious circulatory disturbances in bn 
man malaria occur almost exclusively in 
P falciparum infections The two factors 
primarily responsible for these distorb 
ances seem to be the plugging of capillaries 
by parasitized erythrocytes and the liber 
etion of toxic substances from these ery 
throcytea on the completion of schizogony 
The massive infections often seen m P 
falciparum infections would appear to be 
EufSeient to prodace severe toxic symptoms 
particularly since P knouUsi uifections m 
monkejs produce fatal toxic symptoms 
when the infection becomes massive even 
though there is no plugging of capillaries 
These symptoms are partly circulatory and 
are not unlike the toxic effects of hematin 
described above 

The plugging of capillaries in P falci 
parum infections is an additional and 
probably often the principal cause of the 
alarming symptoms which develop The 
severe headaches drowsiness and coma 
often periodic in occurrence can be ex 
plained on the basis of obstruction to cere 
bral capillaries The choleraic and dysen 
teric types of so-called algid malana 
may also be due to obstruction to capillanes 
in the intestinal mucosa Furthermore it 
is probable that the mechanical embarrass 
ment of the circulation tends to exaggerate 
the symptoms produced by the toxic sob 
stances liberated from the parasitized 
erythrocytes 


Lrvmi 

Wbat has been said above concerning 
blood destruction and pigment metabolism 
in malaria indicates the load which is 
placed upon the liver m this disease It is 
called upon to dispose of bilirubin, hemo 
Biderin and possibly hematin Its storage 
of glycogen is called upon and its relation 
to lipoid metabolism may be affected The 
secretion of large amounts of thick bile 
neh m bile pigments and the possible effect 
of this secretion on the gastro-intestmal 
tract have given the name of bilious re 
mittent fever ’ to one clinical form of P 
falciparum malana The lowering of levu 
lose and galactose tolerance gives evidence 
of injury to its glycogenetic function and 
the increase of cholestrm and lecithin in 
the blood at the time of the malarial 
paroxj^m suggests its increased aetivitj in 
coDoection with these lipoids Histological 
evidence of damage to the parenchymatous 
cells of the liver in fatal cases of malaria 
IS not uniform but both degenerative 
changes and fat mfiltration are sometimes 
found 

KjnvETS 

Kidney function is not usually disturbed 
in eluucal cases of malana Small amounts 
of albumin may be found in the urine 
usually associated with febrile periods but 
damage to the water salt or nitrogen secre 
tory functions of the kidneys are not 
usually demonstrable in acute malaria 
There is however an interesting picture 
which 13 not infrequently seen in chronic 
malaria least often m P wiax more often 
in P falciparum and most often in P 
malanae infections This is a picture of 
water retention with edema and with al 
bumin lit Che urine often m large amounts 
Hyaline and granular casts are usually 
present There is usually little or no reten 
tion of nitrogen This is the picture which 
IS usually given the name lipoid nephrosis 
Its occurrence in chronic quartan malaria 
has been studied particularly by Qoldie 
(1930) m Palestine and it has also received 
attention in many other parts of the world 
Usually in P iivax and P falciparum in 
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tissue respiration and stimulates compen 
sating mechanisms such as respiration and 
heart rate The dilution of the blood 
plasma may also a^ect tissue metabolism 
and encourage edema 
Reticulocytes are usually found m the 
blood in proportions slightly higher than 
normal during the course of malarial in 
fection and usually are increased greatly 
after the acute stage of the disease has 
passed The maturation of reticulocytes 
after discharge from the bone marrow into 
the circulation has been questioned by 
llermod and Dock (1935) These authors 
found that reticulocytes were less resistant 
than mature erythrocytes to certain he 
molysms such as saponin, and stated that 
reticulocytes did not participate in carry 
mg oxygen to the tissues because they used 
oxygen themselves The question as to 
whether as they state reticoloeytosis is a 
necessary enl preceding erythrocyte regen 
eration or is a direct evidence of regeaera 
ties must await further investigation The 
attention which reticulocytes have received 
recently in relation to their infection by 
malaria parasites deserves special com 
ment It has been definite established that 
P vwas has greater affinity for reticulo 
cytcs than for mature erythrocytes A 
number of workers have also shown that 
P falciparum is apparently indifferent to 
the stage of erythrocyte which it invades 
and Kitchen (1939b) has produced evidence 
that P malanae prefers mature erythro 
cytes to reticulocytes 

TThttb Blood Celi^ 

Attention has already been called to the 
stimulation of the monocytes of the blood 
as part of the reticalo^dothelial system 
Mulligan (1929) using supravital stains 
demonstrated that the reticnlo-endotheba! 
cells m the peripheral blood were mt-reased 
m both acute and chronic malaria In 
acute malaria both the younger monocytes 
and the older clasmatoeytes were markedly 
increased In chronic malaria the increase 
in monocytes was similar to that m acnte 
cases but the mcrease m clasmatoeytes was 
less It is probable that these increases in 


circulating mononuclear cells reflect the in 
creased activity of the reticulo endothelial 
system rather than increased leucopoietic 
activity of the bone marrow 

RBnCDLO-ENDOTHELIAL StSTEM 
The stimulation of the retieulo-endo- 
thelial system throughout the body m ma 
laria has received great attention and is 
manifested histologically by both a hyper 
plasia of the system chiefly of the spleen 
bone marrow and liver, and an mcreased 
phagocytic activity of tte individual mac 
rophages Increase m phagocytic activity 
of the individual macrophages is at first 
gradual but Cannon and Taliaferro 
(1931) Taliaferro and Cannon (1936) 
and Taliaferro and Mulligan (1937) have 
demonstrated that in bird and monkey 
malaria there is a marked mcrease m phag 
ocytic activity at the time of the sudden 
decrease of the parasites They interpreted 
this as an immune reaction of the opsonic 
ty^e and regarded it as the principal im 
mune phenomenon in malaria (Taliaferro, 
this volume, p 239) The recent demon 
stration of positive complement fixation 
reactions (Coggeshall and Eaton 1938a) 
agglutination reactions (Eaton 1938), and 
protective substances (Coggeshall and 
Kamm 1937) indicates the presence of 
humoral antibodies which may also have 
their source m the retieuloendothelial cells 
(Taliaferro this volume p 239) 

It 13 apparent that m malaria all of the 
functions of the reticulo endotbehal system 
are probably brought mto play These 
functions melude phagocytosis the forma 
tion of bihrubin from hemoglobin and the 
formation of various immune substances 
In addition the apparent absence of para 
Bites from the blood for the first few days 
following infection with sporozoites (Boyd 
and Stratman Thomas 1934i.) mdicates that 
the reticuloendothelia] system may serve as 
an incubator for the development of mero 
zoites from sporozoites and may hold the 
secret to true chemoprophylaxis m malana 

CntCDLATION 

The effect of malana on the circulation 



IMMUNITY TO HUMAN MALARIA CHAR- 
ACTERISTICS OF IMMUNITY 

By W B REDMOHB 

SEPlBTtfXVT or alOLOOT tUOftT CNITUSm OA 

luimvnr to human malaria ahould be the population in certain parts of ILss 
considered from two atandpoints (1) A issippi had malaria each >ear about half 
study of the literature rereals the impor of these were relapses and half were rein 
tance of the protection resulting from years feeUons The adult population had a very 
of infection m areas of hyperendemic ma high rate of infection but not as high as 
latia This protection is apparent espe the children His criterion of immunity 
cially in the adult population in contrast was based on a failure to find parasites in 
to the high infection in all below the age the blood 

of 15 years A aingle infection under these Persons who appeared to be resistant to 
conditions affords no protection probably attacks may or may not have bad histones 
because of the numerous heterologous of previous infection Bass reported that 
strains present and the constant rate of blood examinations of individuals without 
reinfeotien by mosquitoes (2> A differ any prerious history of malaria showed 16 
ent picture is presented m experimental per cent to be harboring parasites m the 
malarial infections Complete protection blood They were without symptoms and 
against reinfection with the same strain u were unaware of the fact that they were 
afforded in about one case out of every infected Daniels (1901) and Gill (1914) 
three but when the reinoculated parasites noted the enlargement of the spleen and 
are of a different strain the protection is were able to correlate the spleen rate with 
not so marked The resulting infection the immunity Children under two or 
may be lower in number of parasites and three years of age had the highest infeo 
the febrile attacks are generally fewer and tions and most severe attacks During this 
less severe There seems to be no protec period the spleen increased in sue but with 
tion however to heterologous strains of P the decrease in malarial attacks after 5 
falciparum years of infection the spleen rate be{,aii to 

The use of malarial therapy in the treat dumnisb In adults attacks were infre 
ment of paresis first employed by Wagner quent and mild but the high spleen rate 
Jauregg initiated the laboratory study of was indicative of continued infection Ac 
human malaria Previous to any eipen cording to Daniels this freedom from 
mental work on human malaria it was febrile attacks is associated with continued 
realized by some malarialogista and phy inoculation of sporozoitei without inter 
sicians m highly malarious districts that mption over a period of years Gill con 
some persons could bve among infected eluded that a constant spleen rate over an 
peoples in conditions optimum for the extended period was significant of a definite 
transfer of malaria and still not be m immunity Where the moculahon of para 

fected Laveran (1908) however stated sites is interrupted by conditions not suit 
that a first attack of malaria did not pro able for the natural transfer by mosquitoes 
duce immunity and that some times fol such as seasonal changes the fluctuating 
lomug the primary attack an individual mfectiona do not result in a very effective 
Tfo susceptible than previously Bass immunity A low spleen rate is considered 
(1919) came to the conclusion that no effec to be indicative of a high susceptibility 
tive and las^g immunity to malaria was and an infection rate of 5 per cent in such 
developed. He found that 50 per cent of an area could result in an epidemic should 
831 
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fections the condition rapidly disappears 
On treatment with antimalanal drugs 
This often occurs also m chronic quartan 
infections but some eases Lave gone on 
to fatal tennmations despite antunalarial 
treatment (Fabry GuiIIerm and Kagiot 
1937) In some of the quartan cases par 
ticularly in older adults hut also m some 
children, a chronic glomerular nephritis 
manifested by nitrogen retention has been 
Seen and m the young cases at least this 
condition seems to be a late result of the 
malarial infection (Giglioli 2932) In 
some overwhelming cases of P falctparum 
malaria the general kidney func-tion is pro- 
foundly affected and the patient may die 
With a picture of uremia Acidosis is not 
a prominent symptom in malana The 
carbon dioiide combining power of the 
blood may be temporarily lowered darmg 
the febrile stage hut is usually normal at 
other times 

In blackwater fever, kidney function is 
of course profoundly disturbed by the 
products of hemolysis which the kidneys 
are called upon to excrete The formation 
of znethemoglobin and its precipitation in 
the kidney tubules is apparently the most 
important element m the development of 
anuna and uremia which cbaracterues the 
clinical picture 


SUMIIABT 

The physiological pathology of malana 
involves primarily the blood and circula 
tion with secondary effects on many organs 
of the body The blood euglobulin is in 
creased cholesterol lecithin and glncose 
rise during the dull but are usually shghtlv 
decreased at other tunes, potassium is 
greatly increased by the rupture of ery 
throcj tes erj'thropoiesis is stimulated and 
the reticuloendothelial system is activated 
and possibly partly blocked A non spe 
cific positive serological test for syphilis 
IS obtained The circulation is disturbed 
by the blockage of capillaries and probably 
by toxic products of the infection. Tissue 
respiration and nutrition are affected 
The liver and kidneys suffer from the 
heavy demand upon their excretory func 
tions The adrenal glands show cortical 
depletion possibly due to postassmm poi 
soning The heart shows tone changes and 
js further embarrassed by the blood 
changes and by the effects on other organs 
The bram is also involved m toxic and 
circulatory changes In short, there are 
few infectious diseases of man which m 
their severe manifestations produce func 
tional changes m more organs and systems 
of the body than mal&na 
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malaria m the hospitals it is possible to 
obtain some indication of the rate of de 
velopment of the nnmnnitj folloTcmg 
various types of infections 
It has been indicated in the previous sec 
tion that an immunity can be established to 
a certain strain of malarial parasite m & 
period of approximately one year by allow 
mg the infection to relapse and recrudesce 
with no treatment except when the febrile 
attacks reach a condition endangering the 
life of the individuals. 

Ciuca Ballif and Chelarescn Vwrn 
(1934) found that only 34 per cent of 
their patients were resistent to P ittax 
after the first infection. Following the 
second infection the numbhr was increased 
to 72 per cent and to 87 per cent after 
the third The remaining 13 per cent of 
cuseeptibles developed a solid immunity 
only after the fourth infection AH were 
resistant to the fifth inoculation Using P 
malanae on. 322 patients they found that 
3S per cent resisted a second inoculation 
but this had ucreased to only 61 per cent 
following the fifth inoculation In order 
to produce immunity m all cases it was 
necessary to inoculate some for the sixth 
time After the tenth inoculation with P 
falaparvm 3 pec cent of 544 persons still 
were susceptible 

Sinton (1940a) found that 48 per cent of 
P ovale infections produced immunity to 
a second moculation A third mocuiation 
showed that 41 per cent were still sus- 
ceptible but the intensity and the duration 
of the attacks had considerably decreased 
During the third infection only 40 per cent 
of those susceptible developed fever and 
the attacks lasted on an average less than 
one day 

An apparent contradiction to these ex 
perimental findmgs occurs in hyperendemie 
areas where a constant high infection is 
found up to the tenth year The febrile 
attacks fall off but may contmue inter 
mittently for about 5 years more after 
which the individual usually remams free 
from attacks though parasites may be found 
in the blood The two different pictures 
presented can now be readily explained on 


the basis of heterologous strains of each 
species of plasmodium Even during the 
period following the cessation of febrile 
attacks while there are still numerous para 
sites to be found m the peripheral blood 
a heterologous strain will provoke a new 
attack The implication here is that one 
13 at least partially susceptible until he has 
experienced attach and recovered from all 
the strains within the area of infection 
Oaraham (1935) found the population of 
certain endemic centers immune to sub 
tertian and quartan malaria but very 
susceptible to P tutax which was not 
endemic to the area In areas where little 
protection agamst infection can be pro 
vided children under two years of age have 
the highest parasite count Christophers 
reports that m some areas m India the 
average u 10000 parasites per cubic milb 
meter of blood The spleen ts palpable in 
88 per cent and attacks are almost con 
tinuous. Qarnham (1935) finds that the 
children of Kenya are highly infected but 
suffer bttle from febrile attacks There are 
very few deaths among the natives but out 
side children are much more severely a£ 
feeted and deaths occur frequently Gill 
(1914) has found that a constant spleen 
rate over a period of years is correlated 
with the immunity but likewise is depend 
ent on almost unbroken infections of para 
sites Even a seasonal fluctuation of trans 
mission interferes vnth the development of 
the immunity 

SpEcmcmr 

As shown by Boyd and Stratman Thomas 
(1933e) and Ciuca Ballif and Gbelarescu 
Vicm (1933) the immunity produced to 
one strain of parasites is much less effec 
tive agamst all other strams of the same 
species Some resistance is shown to a 
heterologous stram the resulting infection 
producing fewer febrile attacks and end 
ing spontaneously There seems to be no 
limit to the number of strams however 
as individual infections found witbm a 
radius of a few miles differ enough to pro 
Tide only partial protection to each other 
This fact may explain the length of time 



tie conditions for transfer become op 
timum By correlating these facts it has 
been possible to predict fairly accurately 
when and uiere an epidemic of malaria 
may be expected Following an epidemic 
Christophers (1924) found a high spleen 
rate which began to fall off rapidly after 
about 2 years, if the infection rate was 
low The average length of time before 
another epidemic may occur m the area 
is 6 years Generally at the end of that 
time the spleen rate has fallen to about 
10 per cent In hyperendemic centers 
where a constant izdectioa rate is mam 
tamed the resistance appears to be kept 
at a high degree and no epidemics occur 

Not until Wagncr-Jauregg mtroduced 
the malaria thcTapy of paresis were there 
any controlled experiments in immunity to 
human malaria This technique has been 
used m various countries and has added 
much to our knowledge of malaria 

lorke and Macfie (1924a) first pointed 
out the fact that on recovery from an 
infection of P vtvax the patient showed a 
considerable degree of resistance to rem 
oeUlation with the same strain of parasites 
That recovery from normal attacks of m 
duced malaria produces m the patient a 
resistance to further attacks of the same 
strain of parasite has been amply demon 
strated by Antic (1925) James (1926) 
Plehn (1926), Ciuca Ballif and Chelar 
escu Vieru (1928) Boyd and Stratman 
Thomas (1933c) and others Most of these 
workers also observed that there was some 
resistance to infections with other strains 
of the same species of parasite but none 
to other species This fact is made use of 
in the malarial therapy of paretics where 
it 13 necessary to treat a patient more than 
once 

Until mosquitoes were available for con 
trolled transfers the inoculations were made 
by injecting a small amount of blood from 
an infected individual into a susceptible 
person Followmg recovery from the sub 
sequent attacks provided the attacks were 
allowed to run tbeir normal course it was 
impossible m most cases to produce further 
attacks by inoculations with the same stram 


of parasite In chronic cases showing a 
few parasites in the blood followmg re 
co%ery from the primarj attack a second 
inotnilation grenerallj produced an increase 
m the number of parasites in the penph 
eral blood but no further febnle at 
tacks m the majon^ of tases This led 
Smton Harbhagwan and Singh (1931) to 
suggest that the resistance was manifested 
in two ways an effect on the toxic products 
producing the symptoms, and a redaction 
in the number of parasites m the blood. 
The primary attack of P vtiax malaria is 
followed by one or more recrudescences 
These attacks are light and generally end 
in spontaneous recovery Then follows a 
period in which no parasites can be found 
This period however lasts for only about 
8 to 10 months and a recurrence of fever 
and appearance of parasites follows The 
recurrence generally ends spontaneously 
after one or more recrudescences within a 
period of 2 or 3 weeks Barely is the recur 
rence as severe as the primary attack even 
though the parasite count may be almost 
as high Febrile attacks are fewer m num 
her and occur for a period of only a few 
days Previous to the recurrence a rem 
oculation may result lu a slight attack, but 
afterwards it is impossible in most cases 
to get any response from reiuocuJations 
with the same strain of parasites 
Gill (1933) thinks that the immunity 
following induced malana may not be 
analogous to the resistance produced m 
normal individuals since the subjects used 
in such experiments are syphilitic and the 
treatment with arsenical drugs and reac 
tiona produced both by these drugs and the 
disease may maternally alter the reaction 
of the body to the malarial parasites 

Development of Immunitt 
As indicated above very little immunity 
follows a single infection unless that mfec 
tion IS continued over a long period of time 
by relapse and recrudescences Termina 
tion of the infection at an early stage by 
drug treatment has been found to interfere 
with the normal development of the im 
muaity In controlled eases of therapeutic 
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gous but little heterologous immunity to 
the latter species 

Thomson (1934) reports that m the flis 
tnot around Kisumu Immunity to quar 
tan malaria de\elops early and rapidly 
becomes well nigh perfect Ciuca states 
that quartan malaria la less likely to recover 
spontaneously than benign tertian and 
although 36 per cent of cases become un 
mune after the first infection se\en rein 
oculations are necessary to increase the 
number to 100 per cent Young and 
Coatney (1940) report almost complete 
protection against a second inoculation of 
quartan malaria In one or two cases a 
few parasites were observed but no elm 
ical attack appeared 

Reinoculations of P Anouleji following 
recovery from primary attacks m man in 
dieate that a good homologous immunity 
a developed Ciuca Tomescu and Baden 
ski (1937) bad onlj one febrile attack m 
20 reinoculations blilam and Coggeshall 
(1938) reported no febrile attack following 
a second inoculation In five of Ciuca s 
patients a slight rise in the parasite count 
was noted Although James and Ctuca re 
ported that infections of P knoulest pro 
duced a heterologous immunity to P vitar, 
the reciprocal cro^ is evidently not pro 
tective Milam and Lusch (1938) inocu 
lated 7 paretic patients with P vitax that 
had been previously treated with infections 
of P knou-lest They did not slate the 
nature of the resulting infections but in 
dicated that they were normal 

Comparison or Immcnitt in Intections 
Initiated with Sporozoites and 
WITH TBOPBOZOITES 

Sinton (1939b) inoculated 22 patients 
with sporozoites and compared the primary 
attacks with those following blood inocu 
lations There appeared to he lery little 
natural resistance to tbe sporozoite mfec 
tions On the other hand the primary at 
tacks of the patients inoculated with m 
fected blood were much shorter and Ics 
intense Later he (1940b) compared the 
immunitj resulting from the two methods 
of infection and found that the patients 


with sporozoite inoculations acquired a 
greater degree of resistance than those with 
blood inoculations Likewise when the re 
inoculating dose was sporozoites the result 
mg infection was more pronounced than 
when infected blood was used James 
Nicol and Shute (1932) could not differ 
entiate between infections of P falciparum 
one group of which was inoculated with 
sporozoites and the other with trophozoites 
Resistance to reinfection appears to be 
against the trophozoite stage of the para 
sitic cycle of P viiar and has very little 
effect on the sporozoites According to 
Boyd and Kitchen (1936b) a remoculation 
With sporozoites results in the usual meu 
batioD period before the resistance comes 
into play but the resulting trophozoites m 
the erytlirocytes are as susceptible as those 
following blood inoculations Jeraee(19J4) 
says that P viioi infections induced bv 
sporozoites are more likely to produce 
quotidian febrile attacks than when m 
duced by trophozoite inoculations These 
obsenations hate led some workers to 
adopt tbe sporozoite inoculation method of 
giving infections to their patients either 
by allowing infected mosquitoes to transfer 
tbe sporozoites by feeding on tbe patients 
to be ufected or by injecting the sporozoites 
obtained from the mosquitoes 

Duration or Immunity 
A very important question regarding ma 
lanal immunity is its duration The im 
munity to avian malaria has been estab 
lisbed as tasting while the infection remains 
latent If the bird loses tbe infection tbe 
immunity very soon disappears Thomson 
(1933) states that immunity to human ma 
laria likewise is associated with a latent 
infection Others have failed to find a 
latent infection m cases that proved to be 
immune In numerous cases subinocula 
tions have bogn made with the idea of de 
temining the presence or absence of a 
latent infection If the subinoculated in 
dividual becomes infected this establishes 
the infection in the case but on the other 
hand no infection does not prove the ab 
senee of a latent infection Splenectomy 
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neeessarj for protection m hyperendemic 
areas Each strain must run its coarse of 
infection and result in a bomologons re 
Eistance thus multiplying the interval by 
the number of strains It has been esti 
mated that a period of 15 years of almost 
constant malarial attacks is necessary be 
fore an individual can be considered 
immune 

The only indication of a resistance to 
one species bemg effective against another 
species m man is that reported by James 
and Ciuca (1938) They found that pa 
tients who showed considerable tmmuni^ 
to P titax were likewise resistant to in 
fections with P ftnoitlesi, a species of 
monkey malaria When this species is 
inoculated into persons immune to P vivax 
a resistance is noted similar to that found 
when a heterologous strain of this parasite 
IS inoculated Primary attacks of P hnowl 
eat are similar to the primary attacks of 
P vtvax but are less severe in white people 

In all four species of human malaria 
■mth the exception of P falciparum there 
has been demonstrated a considerable de 
gree of resistance to heterologous strains 
Following the inoculation of a heterologous 
strain the parasites increase in number and 
may reach the normal level for the stram, 
but in most eases are far below this level 
Even when the parasite count is at the 
peak the febrile attacks are less intense 
and of short duration The infection gen 
erally terminates spontaneously with very 
few or no recurrences 

iMMUNm IN THE DHTE31BNT gPECIES 

Only m P ovale has any critical study 
of the variations m infections with dif 
ferent strams been made Although Smton 
Hutton and Shute (1939b) were able to re 
inoculate some of their patients with strains 
originally obtamed from areas separated by 
great distances some from other contments, 
immunity to the heterologous strams was 
high Only 18 febrile cases followed re 
inoculation the average duration in these 
being only 4 5 days The average length of 
the period of the primary attacks was 18 
days Only one strain (stram D) showed 


any marked degree of difference from the 
other three Stram D appeared to be more 
virulent than other strams the primary 
attack being considerably prolonged m a 
number of cases When a person who had 
recovered from an mfection with another 
strain was remoculated with this strain of 
parasite, a febrile attack with numerous 
parasites followed Eeciprocal crosses were 
not made as it was not possible to maintam 
all the strains at any one time m the hos 
pital Other strains showed very little 
heterologous properties A parallel case 
IS found m avian malarial strains that pro- 
duce heterologous immune reactions A 
virulent strain of P reltetum produces a 
low degree of mfection m a bird that is 
carrying a latent infection of a very avir 
ulent stram of the same species The reeip 
Toealcross hoyreyrr differsmthatthemore 
virulent stram confers a complete immun 
ity to inoculation with the avirulent strain. 
Redmond (1939) has indicated that the 
difference m the degree of immunity may 
be largely dependent on the relative num 
bcr of parasites oecurrmg during the pn 
mary infections of these two strains 
Although P oiale was at one time con 
sidered to be a strain of P vtiax the 
immune reactions indicate for it a greater 
degree of mdividuahty Fewer febrile re 
lapses are found following the primary 
attack of P ovale, but a chronic infection 
may persist for aa long as 3 months In 
both malarious and non malarious coim 
tries of Europe very little resistance to P 
otale has been found by Smton 

It has been shown by Ciuea that more 
remoculations are necessary to produce 
homologous immunity with P falciparum 
and P malanae than with P tnttts In 
subtertiao malaria 22 per cent were re 
fiistant to remoculations foUowmg the first 
infection but 10 moculations were required 
to produce immunity m 35 persons of 544 
used in the experiment Missiroh (1932) 
considers that the immunity developed 
against repeated moculations of P tnar 
IS more solid than that developed agamst 
P falciparum Boyd Stratman Thomas 
UTiil Kitten (1936a) found good homolo- 
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decision can be reached Christophers 
(1924) was able to compare the suscepti 
bility to infection in the same age groups 
but of different origin and of children who 
presamablj had not been exposed to ma 
laria He found that in groups up to 6 
3 ears of age the first 2 3 ears of residence 
in malarial districts showed the highest rate 
of infection and the highest parasite count. 
There was only a slight difference in this 
age group m children born m the h3iper 
endemic community and those bom else 
where and moving into the area However 
in age groups over 6 years of age there 
appeared to be a marked resistance in chil 
dren moving into the area He was not 
able to preclnde the possibility that the 
resistance shown h} these children had not 
been acquired by exposure to malarial in 
factions previous to entering the hyperen 
denuo center 

Bo3d and Stratman Thomas (1933d) 
have ver3 good evidence that the resistance 
to P iiitu; found in negroes is a natural 
racial condition and not influenced by any 
previous exposure to this species of m^aria 
They have found it necessary to use P 
faiciparvm m treating negro paretics The 
few cases that show parasites have too few 
febnle attacks to be of therapeutic value 
Two test cases each bitten b} 16 mosquitoes 
infected with P max failed to become in 
fected Twelve white patients each bitten 
bv from 1 to 3 of the same mosqnitoes all 
became infected In another experiment a 
negro child 5 years of age was inoculated 
with P titar by allowing infected mos 
quitoes to feed at two different times. Ho 
infection developed Exammations over a 
long period of time previous to the test 
did not show any indication of an infection 
Proof that the refractoriness of negroes to 
P max IS a natural re istance and not 
acquired as the result of infection is lack 
mg but this one case studied by Bo>d is 
indicative that there is a natural racial 
tolerance in the negro to P vivar infections 
The aboriginal natives of one of the 
hyperendemic areas in India were no less 
susceptible than other tribes who were 
more recent immigrants to the commnn 


it3r according to observations made by 
Christophers (1924) 

In the absence of an} marked resistance 
the negroes to other species of ma 
laria it appears that a racial tolerance must 
have been developed somewhere in the past 
and has become inherent in the race It is 
possible that P max has been endemic 
m the negro race for centuries and 
through long association the natural re 
sistanee shown by map to plasmodial in 
feetions has become enhanced to the degree 
of almost complete resistance The fact 
that there is a preponderance of P falci 
parum m Africa at the present time lends 
credence to the hypothesis of the close asso 
ciationofP titoj and the negro race 

Malarial infections have also been ob- 
served to reappear following accidents 
operations and child birth Oarnham 
(1938) believes the loss of large numbers 
of reticulo>endotbebal cells with the pla 
centa is responsible for the reappearance 
of malana infections following child birth 
Likewise an accident or a major operation 
that requires the full component of the 
body 8 resistance ma} leave the bodv with 
out suffieient protection from the malaria 
whereupon latent infections may become 
active It IS thought that diseases aud 
similar factors may act m the same way as 
blockade of the reticulo-endothelial tissues 

Effect op Deuo Treatment on Immunitt 

There is considerable disagreement on 
the question of the effect of drugs either 
directly or indirectly on the immunity to 
malaria The most important factors ap 
pear to he the period during the infection 
at which the drug is administered and the 
extent of the treatment When the treat 
meet is begun early in the development of 
the infection before the parasites have mul 
tiplied to any considerable extent and is 
continued vo long that the infection does 
not show up after the treatment is stopped 
it has been found that no immunity devel 
ops On the other hand if the infection is 
allowed to run its course the resultant im 
munit} IS highly effective in preventing an 
other infection Yorke and Macfie (1924a) 



Will often cause a latent infection to become 
aetue in monkejs after all other attempts 
have failed 

If 3 latent infection is necessary for a 
lasting immunity the question arises as to 
which strain or species is latent or whether 
there is a latent infection of each strain to 
which the individual is immune Since one 
strain produces only a partial immunity 
to other strains and none to other species 
the latter alternative must be considered 
further In highly endemic areas where 
the infection rate in the adult population 
IS high but the febrile attacks mild and 
few the individual is constantlj exposed 
to remoculation This cannot be considered 
to be a condition of latencj but one of 
subnormal mfcttion i\ithout clinical mam 
festation In areas where the transmission 
of malaria is seasonal the immunity is much 
less effective jq preventing infection These 
latter condition^ would be optimum for tbe 
establishment of a latent infection but tbe 
immunity is found to ductuate the spleen 
rate to decrease and tbe degree of snscepti 
bihty to increase Following epidemics of 
malaria tbe spleen rate remains high for 
two or three years then gradually then 
more rapidlj begins to decrease Dnnng 
this time individuals are more or less 
susceptible 

If the immunity is dependent on a 
latent infection it would appear that a 
single infection would be suflicient to estab 
lish the latent condition and the subsequent 
immunity In onlj about 35 per cent of 
cases IS there a resistance to reinfection fol 
lowing a single infection This could be 
explained by the supposition that more 
than one mfeetion is required to establish 
the latent infection m man or that only 
3o per cent earned a latent infection fol 
lowing the first infection Although a few 
isolated cases of long standing unmnmtj 
have been reported m the apparent absence 
of mfeetion the indication is that the im 
munitj gradually loses its power of pre 
ventmt, lemfection. when the tissues are 
free of all parasites Boyd Stratman 
Thomas and Kitchen (1936c) were able to 
demonstrate an effective immunity m one 


case three and one half vears after recovery 
from a previous infection Submoeulations 
of massive doses of blood failed to show 
the presence of a latent mfeetion prior to 
the reinoculations James and Cmea (1938) 
found that one of their patients had re 
matned immune apparently for 5 years 

The effectiveness of the immunitj in 
preventing further attacks however does 
not depend on a complete sterilization of 
the blood In cases of constant reinocula 
tion where the individual has a low grade 
infection the immunity is maintained at a 
high level by the parasites present in the 
tissues Under byperenderaic conditions in 
India Christophers found that the rate of 
infecbon m adults was about 50 per cent, 
but the parasite count vras low and attacks 
occurred on an average of once in six 
months These attacks were relatively mild 
and of short duration 

Pactobs Iktluencino Development 

OP IMUUIJITT 

Children are generally thought to be 
more susceptible to most diseases than are 
adults However where there have been 
specific studies made on this point the 
adult resistance appears to have been ac 
quired by either an acute or latent infec 
tion Kligler (1930) and Kligler and Her 
(1933) measured the difference between 
children and adults m their powers to re- 
sist malarial mfeetion following treatment 
Up to 4 years of age they found the re 
duetion of the infection to be less than 4 
per cent while for a group between the 
ages of 4 and 9 years the reduction m in 
fections was 23 per cent after two weeks 
of treatment Nothmg is said however of 
the great degree of imniunity developed by 
the older group m comparison with that of 
the younger group as a result of twice as 
many years of malaria infection Tbe 
hyperendemic conditions make it prac 
tieally impossible for tie older group to 
have escaped mfeetion Stnee children of 
this age are seldom found m the hospitals 
for the msane little controlled expen 
mentation has been possible It is apparent 
that further facts are necessary before a 
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There are four mam aspects of the fune 
tional role of cells in malarial immunity 
(1) the phagocytosis by \arious leucocytes 
and in patUcuiaT by macrophages of para 
sites and other materials incident upon the 
infection (2) the production of new phago- 
cytes (3) various reparative proliferations 
other than the production of phagocytes 
and (4) the elaboration of specific anti 
parasitic antibodies Of these the fifst 
three are of importance m both natural and 
acquired immunity and can be studied di 
rectly in histological preparations The 
fourth ts the specific characteristic of ac 
quircd immunity and has not been studied 
in malaria In fact it has only been m 
vestigated under the most favorable eon 
ditions by indirect methods which ba>e 
given plausible but not conclusive results 
The Lterature on these and related sub- 
jects IS so voluminous that it can be only 
treated summarily with comparatively few 
references to specific investigations It has 
been critically reviewed m detail by Tali 
aferro and Mulligan (1937) 

In considermg the physical basis for 
malarial immunity it sbonld be kept in 
mmd that the defense reactions against any 
infectious agent are fundamentally the 
same The distinguishing characteristics of 
malarial immunity arise largely from the 
localization of the parasite in the blood 
stream since such a localization determines 
where the parasites will come in contact 
with phagocytic cells (see Taliaferro 19j4) 
Detailed studies on the cellular basis for 
immunity in the malarias of man are handi 
capped in the following ways (Cannon this 
volume p 214) Most human necrop^ 
material represents terminal stages of the 
infection in which the defense mechanisms 
of the host have been broken down Most 
of the work has been done on infections of 


P falciparum m which various degenera 
tive manifestations have oiershadowed the 
defense aspects Studies on monkeys indi 
cate that certain cardinal aspects of the 
immune process last for only a short time 
and are generally missed unless the experi 
mental hosts are sacrificed at closely spaced 
intervals Finally much of the human 
material has not been fixed immediately 
after death and handled with the special 
ized techniques necessary for the finer 
eytological details which are important in 
studying the histogenesis of macrophages 
Much of the underlying theoretical part of 
the foiiowmg account is therefore based 
on simian malaria with as many facts as 
possible fitted in from tbe literature on 
human infections 

Cells Intolved in luauNirr 
Ordinarily malarial parasites are intro 
duced parenterally through the epid mis 
so that there is no opportunity for the 
manifold nonspecific factors such as epi 
thelial hamers the outward flow of mucous 
or urine or the action of digestive fluids 
to come into play as they do in natural 
immunity to some potential invaders 
The cells> chiefly iniolved in mflamma 
tion and the so-called defense reactions 
against parenterally introduced materials 
belong to the connectiie tissue which is 
derived embryologically from the mesen 
chyme The connective tissue includes the 
blood and lymph the reticular or blood 
forming tissnes loose connective and adi 
pose tissues cartilage and bone and per 
forma a wide vanety of physiological func 
tions including respiration intermediate 
metebolism storage and various trpes of 
mechanical support Of these various com 
ponents the cells most active m immunity 
helcmg to the blood and lymph and the 
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put forth the theorj that qumme destn^ 
numerous parasites if given dunag a 
period of heavy infection thus liberating 
large quantities of antigen that m turn 
Etmmlat« the namuae roechanisia to 
greater activity pesultmg in a greater de 
gree of immunity Smton (1938) has ad 
mirably reviewed the question and both 
hia esperiroental work and references to 
obser\ations and experiments of others bear 
out the reauUs obtained m other tJTies of 
umnune response namely that withm cer 
taia limits the d^ree of the imniiine 
response is proportional to the amount of 
antigen absorbed A laige quantity of 
antigen made available m a abort penod 
of tune will be less effective than the same 
amount over a longer period howeier On 
this basis a high infection of malana ter 
rainated by drugs after a few paroxysma 
will produce only a abght degree oC im 
taunUy while if allowed to continue to 
spontaneous recovery followed by relapses 
and recrudescences the immunity will be 
of such a degree that no new infection with 
the homologous strain will be possible 
Drag treatment interferes with the im 
munity only to the extent that it interferes 
with the normal development of the para 
sitic infection Since the clinical symptoms 
are affected only indirectly that is by the 
effect of the drug on the parasite any 
control of febrile attacks will m a cor 
responding mcssare hnut the number of 
parasites available for stimulation of the 
immune mechanism 

From these facts it would appear that 


in isolated cases of malana where the possi 
bihty of reinfection following cure was 
very slight interference with the develop- 
ment of immunity would be of little im 
portance and intensive drug treatiaeat 
eonld be used effectively However in 
byperendemic areas where reinfection is 
certain the development of immunity a 
important A cure under these conditions 
would be followed by reinfection and would 
probably result in the lowering of the te 
sistance of the individual Khgler (1930) 
foond that two weeks after treatment and 
cure of malana m children under 20 years 
of age the infections were more severe than 
before Such individuals cannot be pro 
tected from Tcvofection under these coudi 
tions and it is doubtful that ahemate cure 
and remfeettoa would be of material benefit 
m the development of immututy 
The results obtained by Siaton and 
others with monkey malaria coincide with 
the observations ou most human expers 
menta 'When infectious of P JcneaUix 
in 8 rhesus are held to a low parasite count 
the infection will relapse as soon as the 
treatment is withheld and the monkey will 
die unless the Bsme treatment is again used 
If the infection is allowed to develop with 
treatment sufficient to save the bfc of the 
ammaJ the resultant immunity will pre 
vent further infection with the same strain. 
In new of ibis fact therapeutic roeasnres 
employed to reduce the incidence of malaria 
will greatlj reduce the effectiveness of the 
umnunity resulting from natural infections 
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2 The bttoral cells of Siegmund line the 
sinuses of the reticular tissues {eg, the 
spleen Ijunph nodes and bone marrow) 
and the sinusoids of the liver h3TJOphy8i3 
and adrenal In the bver thev are known 
as Kupffer cells Those of the reticular 
tissues are true reticular cells but the 
exact nature of the bttoral cells of the bver 
hypophysis and adrenal is not sufficiently 
known although they are admittedly simi 
lar to reticular cells In any case the aepa 
ration of the bttoral cells from the previous 
category is convenient as they behave some 
what differently because they are located 
along the blood stream It is unfortunate 
that they arc still frequently termed endo 
thelial cells and are grouped with true 
endothelial cells because the latter are more 
limited in their potencies for phagocytosis 
and development An accurate but con 
fusing custom is to group the bttoral cells 
under the designation special endothelium 
as contrasted with true endotbebum 
The bttoral cells of the liver and to a 
lesser extent of the other organs are func 
ttonal in immunity to malaria 
3 The ffxed outstretched undifferenti 
ated cells of Iilaximow in the adventitia of 
the small blood vessels of loose connective 
tissue throughout the body have broad 
mesenchymal potencies They are widely 
distributed over the body but are only 
incidentally functional in malarial immun 
itj Thus after intense malarial stimu 
lation pericytes in the dense periportal 
connective tissue (Glisson s capsule) of the 
bver are phagocytic for malarial material 
Whenever the blood vessels are occluded 
with resulting hemorrhage they are pbago 
cytic and because of their location are fre 
quently erroneously considered to be true 
endothelial cells 

4 The macrophages variously known as 
histiocytes (Aschoff and Kiyono) clas 
matocytes (Ranvier) resting wandering 
cells (Maximow) and rhagiocrine cells 
(Eenaut) comprise about half of the cel l s 
in the loose and dense connective tissue 
throughout the body As m the case of the 
perivascular cells they phagoeytose ma 
larial material only incidentally Thus 
the macrophages of the akin are active 


when infected blood is introduced intra 
dermally nnd they join with the perivascu 
lar cells of the loose connective tissue in 
phagocytosing malarial material during 
vascolar occlusion in various organs The 
nature of the phagocytes or glial cells 
which are similarly active in the brain is 
not entirely clear 

(2) Fibroblasts and endothelial cells 
Fibroblasts which together with the 
macrophages are the chief cellular con 
stituents of loose and dense connective tis 
sue generally assume a functional role in 
the later stages of defense They repair 
connective tissue fill m cavities and wall 
off foreign material that cannot be removed 
by phagocytosis They can proliferate by 
mitosis A few investigators especially v 
Motlendorff (for a discussion and criticism 
of this work see Maximow 1927a 1927b 
Bloom 1938b) believe that they like some 
of the macrophages are endowed snth full 
mesenchymal potencies but most workers 
consider them highly diSeientiatcd in man 
and believe that they are rarely phago 
cytic and do not generally develop into 
other cells In lower animals however as 
for example during repair and regeners 
tion of the spleen after malarial infarction 
and necrosis m the canary they can trms 
form into reticular cells with full mesen 
chymal potencies for development It is 
possible that under exceptional conditions 
such ordinarily latent potencies may be 
invoked m man 

The role of the fibroblasts in malarial 
immurnty la probably limited to connective 
tissue repiir the filling m of cavities and 
scarring all of which are associated with 
infarction and similar injuries seen most 
frequently m infections with P falciparum 

The endothelial cells as designated in 
this chapter are sharply differentiated 
from the bttoral cells and are restricted to 
the cells which line the larger blood ves eh 
and capillaries They like the fibroblasts 
have only limited capacities for defense 
under ordinary conditions Thus they can 
proliferate by mitosis are onlv rarely 
phagocytic and do not generally develop 
into other cells 

In malana the endothelial cells assume 
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reticalar and loose connective tissues and 
owe their functional importance to their 
wide distribution over the body, their 
capacity for phagocytosis their ability to 
secrete enzymes and antibodies and their 
retention of various mesenchymal potencies 
to develop into other blood and connective 
tissue cells Their functions m immunity 
are, to a large extent, and may be entirely 
an accentuation of tbeir activities in nor 
mal metabolism 

Man> factors have contributed to the 
present complex and m part, almost cba 
otic classification of the cells of the blood 
and connective tissue Chief among these 
are (1) cells now believed to have ideoti 
cal functions have long standing different 
names which date from early histological 
descriptions , (2) different groups of work 
ers such as anatomists pathologists and 
hematologists often use different termi 
nologies and (3) most uoportant of all 
there is no consensus of opinion as to the 
identification classification developmental 
potencies or e^en existence of some of the 
important cells 

The following eunplified classification is 
taken largelj from the author (1941) with 
special reference to the cells functional m 
malarial immunity The news regarding 
the developmental potencies and relation 
ships of the cells follow Ma-imow (1927a 
1927b) and Bloom (1938a) A more de- 
tailed consideration of the cells in relation 
to malaria is given m Taliaferro and Mulli 
gan (1937) 


Predominantlt Fqxd CovurcTivr 
Tissue Cells 

Of the many connective tissue cells which 
are predominantly fixed the most impor 
tant m defense reactions are maeropb^cs 
as defined in this paper fibroblasts and 
endotbebal cells 

(1) iIacrophage% The term macro- 
phage IS used m this chapter in much the 
original sense intended bj tletchnitoff to 
denote any large mononuclear cell that is 
pha^'ocytic or can immediately become 
pha°ocj'tic without any pronounced change 
m morphologj It includes the foHowing 


four categories of cells the reticular cells, 
littoral cells and pericytes wbch retain 
the embryonic or mesenchymal potency to 
develop into all other types of cells of the 
blood and connectne tissue, and the macro- 
phages of the loose and dense connective 
tissue which are bebeved to have fewer 
potencies for heteroplastic developnient 
In the older pathological bterature , all 
these cells were frequently termed endo- 
thebal cells (see below) The concept that 
cells in the coimective tissue of the adult 
body retain mesenchymal potencies is due 
largely to the work of Jlarchand (1924) 
and Maxunow (1927a 1927b) It is not 
known to what extent they lose their poteu 
cies for heteroplastic development when 
they become engorged with foreign ma 
tenal Prom the viewpomt of immunity 
it IS important that all these cells can be 
phagocytic m their fixed position (fixed 
macrophages) or after rounding up and 
becoming free (free macrophages) They 
are especially as free macrophages indis- 
tinguishable from cells developed from the 
lymphoid free mesenchymal cells (lympho- 
cytes or hemocjtoblasts) They can all 
proliferate by mitosis and under suitable 
stunub can become transformed mto fibre 
blasts (see below) Both nutosis and trans- 
formation into fibroblasts are seen to a 
bmited extent after they contam phago- 
cytosed material In the following brief 
descriptions the four categories of macro 
phages are arranged m order of their func 
tional importance m malaria 

1 The reticular cells together with 
fibers form the stroma of all reticular 
(myeloid and lymphatic) tissues It is 
probable that the stroma cells of various 
lymphoid tissues such as the lamina pro- 
pria of the gut mav have identical poten 
files and functions 

The reticular cells of the spleen and to 
a lesser extent of the bone marrow are of 
paramount importance m immunity to 
malaria Except under unusual eireum 
stances as in the occlusion of blood ve:>bels 
local hemorrhage and the like the reticnlar 
cells of the lymph nodes or stroma cells of 
the gut are not important 
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Bloom (1938a) that the free s>tem cells of 
the propoaetl pohphjletic theories such as 
l\TQphoblasts monobla'iti etc do not exist 
as cell entities separate from h mphoeytes 
The free tneseiichamal tells or lvinphoc>tes 
are self perpetuating bj mitosis and un 
questionabh maj arise from the fixed 
mesenchjmal cells prexioush described 
111 malaria the free mesenchymal eells 
are of obi lous importance as stem cells for 
the hunphoid and mj eloid cells of the blood 
and eoiinettne tissue In addition (see 
below) the li-mphotyte is probabb the 
single most important source of new macro- 
pha,,es in malarial immunitj 

Systems op Cells il Immunitx 
Modern concepts of sj stems of connec 
tite tivsue cells distributed oier the bods 
which plaj a major pxrt m immunity have 
arisen fundamentallj from studies on in 
flammation Among the earh workers 
great credit should be given Jletehnikoff 
(1892) for stressing the essential role of 
the connectise tissue cells m inflammation 
and to Cohuheim (1867) Ziegler (1691) 
Marchaiid (1934) and Maximow (1927d 
1927b) for studving the histOeenesis of the 
lopsl inflammator) reactions Melchnikoff 
laid the basis for the modern concept of 
the immunological significance of Axe<l 
and mobile c<lls of the connective tissue b> 
pha^ocstosis Ills concept was pbjsiologt 
cal He distinguished (1) microphi^es 
which are identical with heteropbih. and 
(2j macrophages as used in this chapter 
except that he included phagocj-tie glial 
cells of the brain 1 urthermore studies 
on \ital staining and the storage of col 
loidal djes chieflj by Renaut Maximow 
Goldman Tsebaschin hnono and Aschoff 
haie laid the basis for the modern concept 
of macrophages Aschoff s (1924) retie 
ulo endothelial sj stem as broadlj defined 
and as geueralb used consists of the 
macrophages as outlined in this discussion 
and IS sjnoncmous mih the macrophage 
ssstein of imnj recent authors 
Particular mention should be made of 
the Gefassnandrellen of the hlarchand 
Herzog school (Marchand 1924) This qs 


tem of cells includes not oulv endothelial 
cells hut also pericytes and adtentitial 
macrophages which are supposed to arise 
from the endothelium of developing ses 
sels Unfortunately manj authors ha\e 
interpreted the Gefasswand to signifj only 
endothelium and to consider therefore 
that true endothelium is phagoes tic either 
IB situ or after desquamation or migration 
One of the frequent sccompaniments of 
immunity in malaria and other infections 
IS the local increase of cells of the macro 
phsge or reticiilo-endothelial system This 
hs|»erplasia is frequently assumed to be 
caused exclusnelj bj a proliferation of the 
macrophages or elements of the reticulo 
endothelial system As w ill be shown later 
such a proliferation is an admitted source 
of the new macrophages but detailed 
studies on simian malaria bs Taliaferro 
and Mulligan (1937) indicate that most of 
the new macrophages arise from lympho- 
cytes with or without the intersention of 
a monocyte sta^e In order to group to 
gether under one term both macrophages 
and all macrophage precursors which di 
\elop homopUsticIv from preexisting 
macrophages or lieteroplasticly from agran 
ulocytes (hmphocstes and monocytes) 
Taliaferro and Mulligan (1937) proposed 
the term lymphoid macrophage ssstem 
Tins l^rni would include not only macro 
phages and h mphoeytes but other mono- 
nucleir exudate cells (le Maximow s 
poliblasts) which form the cellular exii 
date lu inflammation and which are so 
prominent in the spleen in malaria (see 
below ) 

(1) Phagocytic phases of malarial iw 
mKBttj/ Malarial immuiiits is chiefls con 
eerned with parasiticulal effects There is 
no complete or lasting inhibition of lepro- 
dnction of the parasites As onginallv 
noted b' Golgi (1688) in infectious of P 
titiw and P vinlariae and as lias been 
found subsequmth in infections in both 
man and animals the parasites formed by 
asexual reproduction show a high death 
rate from the beginning of the infection 
At first this death of the parasites is a 
natural immunity and represents the un 
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a reparative role under the same conditions 
as do tie fibroblasts and are largely limited 
to the production of new blood vessels of 
del eloping connective tissue The frequent 
reports of phagocytic endothelial cells are 
due chiefly to (1) the reversion to the wide 
spread older conception that the macro 
phages in categories 1 2 and 3 originate 
etabrj ologieaHy and frequently m the 
adult organism from true cndotheUal cells 
and that all eodothelitim can be fdjagoeytse 
either tn situ or after desquematioa (2) 
confusion of adventitial cells (both undif 
ferentiated perivascular cells and macro- 
phages of the perivascular loose connective 
tissue) with endothelial cells and (3) con 
fusion of circulating macrophages which 
have become closely applied to the vessel 
wall with endothelial cells Although not 
well substantiated true endothelial cells 
may be phagocytic under unusual condi 
tioQS such as m stasis associated with 
occlusion of the brain capillaries m P falct 
parum 

Free Covnective Tissce ako Blood 
Cells Cells of tbs Blood 
AND LTJfpn 

The cells of the blood and lymph are 
generally div ided into those of my eloid and 
those of lyuaphoid ongin although during 
ectopic myelopoicsis the nty eloid cells may 
arise in organs other than the bone mar 
row and under certain conditions lym 
phatic nodules may occur in the bone 

tOStTOW 

(1) Myetoid cells The myeloid cells m 
elude (1) the red blood cell aenes of which 
(he youngest free cell is the eryihrobl&st 
and the mature cell is the erythrocyte (2) 
the blood platelets which probably develop 
from the megaiarjoeyfes and (3) the 
granulocyte senes of* which the yoougest 
free cells arc the three types of myelocyte 
and the mature cells are the heterophil or 
Special (=tn man the neutropbiJ p<dy 
morphonuclesr) eosinophil and basophil 
leucocytes In malaria erythropoiesa is 
important as a ‘reparative ptoUferatiwi 
because red cells are destroyed either di 
rectly by the parasite or indirectly by 


toxic action and erythrophagocvtosis (Tali 
aferro and Cannon 1936) Among the re 
maming cells only the heterophils show 
evidence of a funetioca] role (see below 
under hematology ) They are rarely 
phagocytic under ordinary conditions but 
may be phagocj tic m heavy infections of 
P falciparum 

(2) Free mesenehymat cells tymphoid 
ceUs There is fair agreement among in 
vest/gators regarding the nature of the pre 
dominantly fixed cells' with m^enchymal 
potencies but there is a vnde diversity of 
opimoQ regarding the nature of the free 
cells It IS generally agreed that m addi 
tion to the lymphocytes of lymphatic tis- 
Eue free lymphoid cells more or less sura 
lar to lynjphocj tes occur under physwlogi 
cal and pathological conditions m the 
myeloid and loose connective tissues and 
that they are the stem ceils of the various 
myeloid cells of the preceding paragraph 
but there is no unanttaity of opinion as to 
whether they are all lymphocytes or differ 
IQ structure and m developmental potea 
eie^ 

The work of the present author (Tali 
aferro and Mulligan 1937) has convinced 
him of the essential soundness of the ntu 
tanau view of Waximow {1927a 192fbJ 
aad Bloom (193Sa) to the effect that all of 
the elem cells of the myeloid tissue (fcemo- 
eytoWasts) are identical in morphology 
and developmental potencies with the 
lymphocytes of lymphatic tissue This does 
not mean that the lymphocytes of lym 
phatic tissue and the hemoeytoblasfs of 
myeloid tissues develop indiscriminately 
lafo mj eloid aad lymphoid cells under 
physiological conditions This view holife 
rather that the lymphocytes of lymphatic 
tissue give rise only to lymphoid cells and 
the hemocytoblasts of myeloid tissue only 
to myeloid cells under ordinary conditions 
but that both types of cells are able to 
develop into any cells of the blood and con 
seetive tissue under abnormal stimuli 
Thus lymphocytes develop into macro- 
phages in malaria s» is described later 
As a coroUary to this concept of the free 
meseachymal cells the author agrees with 
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applicable to P tiiar and P malortae in 
feetions m in in becdu p thei asree the 
netropsj materia! a-* far as the latter go 
Tliev are al o probabh applicable to infer 
tions iMtb P falcipnruiu except for the fact 
that lufe tiona with P fo/ripoiwm are fre 
queiitlj overlaid with ^einral ind particu 
larlj with local ilegcnpratiie ilianjte^ 

The mam conclusions from the investi 
gations on inoiikejs are as follows Dormp 
the initial acute rise o! the infection when 
death of the parasites represents a natural 
immimitv the free meroioites and intra 
corpuscular parasites in all stages of de 
velopment are phagocvtosed slu,.giahU bv 
macrophages of the spleen liver and bone 
marrow (PI I FiS 1) At the crisis when 
the initial acute ns? is terminated the 
parasitited erjthrocjtes are re^ionallv con 
centrated in the splenic cords and are 
probabh agolntmated or adhere to the 
macrophages After a day or so the para 
Bitued erythrocjtes are avidli eaten b> the 
macrophages of the apleen liver and bone 
marrow (PI I Fig 2) This pha^ocvtic 
activity 18 man; times greater than that 
observed before the crisis and represents 
the be^mnmn of the heightened aclivitv of 
the immune reaction Once this immune 
pha^ocvtosia is initiated the infection is 
generall> subdued and held at a compars 
tivelj low level The red cells and para 
sites within the phagocvtos disappear 
rapidlj but the pigment is not metabolised 
for s»veral months (P! I Pig 3) ^Vhen 
animals which have recovered from an in 
fection are supennfected with the homolo 
gous strain to which they are immune the 
sequence of splenic filtration pha^oevtosis 
etc li initiated within an hour instead of 
several weehs or months as m the initial 
attach In other words acquired immu 
nitv tabes tune to develop but once dev el 
oped responds immediatelj 
The limitation of phagoev to is to the 
spleen liver and bone marrow probably 
follows from the fact that the blood m 
these orgaas at least periodically flows 
slowlj and cornea into direct contact with 
active macroph8c.es whereas other organs 
such as the Ijmph nodes lung etc which 


are also rich »i micropliages do not have 
this intimate contact with the blood except 
after a hemorrhage due for example to in 
farctioii The fact that the adreml is similar 
to the liver and vet is onlv sporadieallj 
involved mij be clue to the richness and 
swiftness of the blood flow In anv case 
there are differences m the activitj of the 
macrophages in these v arjous organs 
Thus Taliaferro and Mulligan (1937) 
have shown that even m the overwhelming 
infection of P KnovlCii in tht rhesus mon 
kej in which almost ever> available cell 
of the IvTiiplioid macrophar.e sjstem is 
phagocytic the same quantitative relation 
IS maiutamed i <r the uiiliv idiial macro- 
phages of the spleen tre most active those 
of tiie liver are less active and those of the 
bone marrow are least active while those 
lu other organs are only rarely active The 
generalized charseter of the milarial infec 
tion and the limitation of the immune reac 
tion to a few or^sns in whuh the macro- 
phages are on nted to phaoOev tose material 
from the blood led Taliaferro (1914) to 
suggest that manv of the so called general 
immunities are actually local immunities 
m strategicallv placed organs 
The objective histological differemes be 
tween ac<|uired immunitv and uatural im 
mumty are (1) a greatlj increased rate 
of pbagocj tosis by iiidn idual macrophages 
and (i) a local increase of macrophages in 
some of the strategicallv placed or^aus m 
particular in the spleen and to a lesser 
extent in the bone marrow The increased 
rale of phagocytosis by the individual 
macrophages is specific (le is largely 
operative 8„amst homologous strains of 
parasites) and i^ the chief cliaracteristic 
of acquired immunitv It is probablv asso 
Mated with the opsonic activity of specific 
antibodies and is considered in detail by 
Coggeshall (this volume p 2oO) It sug 
gests a fundamental difference between the 
phagoevtobis of natural and acquired ira 
munitv Such a conclusion is further 
Altho gl the nd T du 1 macrophage of the 
I Ter a e 1 act e than those of the sple n the 
t tal aetiTity of the lirer mar be greater du© to its 
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'siiifabihtj of tlie normal host for the para 
site but as the mittal infection is sup 
pressed it ^reatlv increases and then rep 
resents an acqmied imnuimtj Various 
de^-rees of acquired immuniti are gener 
alh manifested from the suppres^on of 
the iiiitiaJ attack oiin irtl throue.hont the 
infection and dvinng snpennfeclion with 
tlie same strain 

All evidence indicates that the deith of 
parasites during both mtural and acijaired 
immumts is usotiated nith phagocytosis 
Several earh obstners notabh Golgi 
fl886c 1888) Alarclinfasd and Celh 
(1887) Mefchmfoff (1887) and La\eran 
(1859) studied the phagocytosis of ma 
Janal inaternl and postulated that the 
process is functional ui defense Many 
subsequent workers worling on human 
necropsy mattnal established beiond ques 
tion tint the macrophages chieils of the 
spleen li'er and bone marrow and to a 
lesser extent of other sites, such as the 
adrenal and around areas injured b> the 
localizations of P falcip'jrnm as m the 
bum phsgocvtose free and intracorpuscu 
lar parasites and pigment As evidence 


aecunui! ited, some authors questioned the 
primary functional role of the pLagocjies 
in suppressing the infection \ anous 
theses were maintained such as that tie 
actnitv of the macrophages is ImnteJ to 
removing dead or effete material rather 
than vigorous viable parasites, that al 
though macrophages can ingest Tigorcms 
parasites they cannot digest them or that 
macrophages are ineffectual in immumfv 
because thev ore more active in acute per 
mcious malaria than in cases of spontane 
oils cure Jlanv of the ideas however were 
incident upon the use of human material 
which precluded closely spaced observa 
tions and rarelv came to the necropsv table 
unless the defense mechanisms of the bodv 
vrere overwhelmed 

Doubt of the functional significance of 
pfiagocy tosis has been largeh dispelled br 
the closelv spaced serial observations of 
tissues during initial infections and super 
infetUons first made b\ Cannon and Tah 
aferro (1931) in birds and Taliaferro and 
Cannon (7936) in monkeys The fatter 
observatioos oii Central American monkeys 
infected with P Irasilianim seem directly 
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Central American monkeys i ifected with P iratUianvm x 1^00 ModiJied from Taliaferro 


Comparsliic pliagoc-s i 


and j Sluggish pliagoevtos s during the natural munuiut/ of the initial acute rise of the infection 
The macrophages conta n a small amoimt of para it c and red cetl debris . , .v 

Intense jhagocTtosis du ing the acqii red immunity at the crisis which is a ociat d witn 
.1,,. tcrLnation of the vmUal acute ns The maerophages are engorged with parasitized eryfhroc^es 

Pig 3 Pigment and comparat rely indigestible debna remaimng m the ir 

after the crisis These materials disappear within a few months 


lerophages about two dars 
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applitable to P tnax and P malanae in 
fectiom in man betanse they ajrree with th« 
neerops\ niaternl as far is the latter 
The^ are also probabh applit.able to infei, 
tions R ith P f alctpeirnni except for tbe fact 
that infections "ith P fre 

queuth ocerlaid with r.eneral and particu 
larh with local depeneratne elun'ios 
The mam cnnelnsions from the miesti 
gations on monkeca are as follows During 
the initnl aente rise of the infection xihen 
death of the parasites represents a natural 
iramnnitv the free meroroites and intra 
corpuscular parasites m all stages of de 
xelopment are phagocjtosed slug^ishU be 
macrophages of the spleen Inep and bone 
marrow (1 1 I Fig 1) At the vrwis whew 
the initial acute n o is teriamtted the 
parasitised erjthroct tes are reeionalh con 
centrsted in the splenic cords and arc 
probably agalutniated or a<lhere to the 
macrophages After a day or so the psra 
sitLsed erythrocytes ate acidly eaten bv the 
macrophages of the spleen Iner and bone 
marrow (PI I Pig 2) This phagocytic 
actiMtv ih many times greater than that 
ob cried before the crisis and represents 
the bCeininng of the heightened activity of 
the immune reaction Once this immune 
phagocytosis is initiated the infection is 
generally subdued and held at a compara 
tiiely low level The red cells and para 
sites within the pha^oevtes disappear 
rapidly but the pigment is not metabolizeil 
for sei eral months (PI I Fig 3) Wlieu 
animals which have recovered from nn in 
feetion are superinfected with the homolo 
gous strain to which thev are immune the 
sequence of splenic filtration phagoevtosis 
etc IS initiated within sn hour instead of 
several weeks or months as in the mitial 
attack In other words acquired immn 
nity takes time to develop but once devel 
oped responds immediatelv 

The limitation of phagocytosis to the 
spleen liver and bone marrow piobabh 
follows from the fact that the blood in 
these organs at least peTioilically flows 
slowly and comes into direct contact with 
active macrophages vvheress other organs 
such as the lymph nodes Jung etc winch 


are also rich in macrophages do not have 
this intimate contact with the blood except 
after a hemorrhage due for example to in 
farctioii The tact that the adrenal is similar 
to the liver and yet n only sporvdicalW 
involved miy be due to the richness and 
swiftness of the blood flow In anv case 
there are differences m the activitv of the 
maeropliages in tliese various organs 
Thus Taliaferro and MullinOti (1937) 
have shown that even in the overwhelming 
infection of P knoulesi in the rhesus mon 
kev Ml which almost every available cell 
of the Ivmphoid macrophage system is 
phagocvtic the same quantitative relation 
Is maintained le the individual macro- 
phages of the spleen are most active those 
of the liver are less active and those of the 
bone marrow are least active while those 
in other orj.flns are only rarelv active The 
generalized character of the malarial infec 
tion and the limitation of the immune reac 
tion to a few OTpBns itv which the macro- 
phages arc oriented to phagoev tose material 
from the blood led Taliaferro (1934) to 
that manv of the so called oCneral 
immunities are actualh local immunities 
in strategically placed organs 
The objective hi tologieal diffvrencea be 
tween acquired immunity and natunl im 
mumty are (1) a greatly increased rate 
of phagoevtosis by individual macropluges 
and \2) a local increase of macrophages in 
some of the strategically placed organs in 
particular in the spiven and to a lesser 
extent in the bone marrow The increased 
rate of phagocytosis by the individual 
macrophages is specific (i c is largely 
operative against liomolo^ous strains of 
parasites) and is the chief characteristic 
of acquired immututv ft is probabh asso 
elated with the opsonic activitv of specific 
antibodies and is considered in detail by 
COo eshall (this volume p 2u0) It sug 
gests a fundamental difference between the 
phagocytosis of natural and acquired im 
muiiitj Such a conclusion is further 
I Although tie injmdual macrorlage of the 
I er are less active thin those of <he spleen the 
total at ty of the 1 ve m y b great r due to Jts 
g e ter ze 
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/strengthened b\ the «ork of Om^nth 
(1934 l‘>41) lie found that blockade vitli 
foreipn red cells markedly affects ncqiiire<l 
and not natural immunitj of bmls to P 
ca/Afnieni/m TIic local mcrcase of macro 
phases in strategic sites has been noted 
repeatedh m man ehiefli in the spleen and 
bone marrow Fxperimental work with 
animals indicates that it \arics m citcnt 
and is nonspecific i e it is not necessanh 
associated with acquired inimunits If the 
initial attack is lon„ enough it ma> begin 
before the immune reaction is initiated 
Before conxidermf^ specificalli the origin 
of new macrophages certain proliferations 
should be mentioned In the bone marrow 
a m>cIoid Inperpla-sia inns occur which 
in\ol\es an increase in the colls of the on 
throe} tc and heterophil elements (see re- 
paratne proliferations) In the splem 
which IS the l}mp!iatic or^an most affected 
b} malaria l\mphoi<I Inpcrplasia cliarnc 
teristicnlh occurs and imohis the mitotic 
proliferation of chiefli the medium 
hmphocsteand to a lesser extent tiiclar(.e 
tissue hmplioiste (the hmphobiast of 
some hematologists) and is a characteristic 
part of the deselopment of the enlorgetl 
chrome (as contrasted with the earh 
hsperemic) spleen of malsria \ nrioiis 
proliferations and accumulations of Ivmph 
ocstes ma} take place m the Iiscr bone 
marrow and other organs but are not as 
characteristic of man as of the moiike> 
I^heneier hmplioid biperpJasia oecun m 
I}mphatic tissue or m}cloul li}perplasia 


occurs in the bone marrow the reticular 
cells of the stroma proliftrate These celK 
are macrophages and their mitotic prolifer 
ation supplies new macrophages In the 
frcsli tissues of inonkess howeier wliidi 
liasc been pirtiiularh studieil the number 
of mitoses 111 hmplioixfes is mam times 
that found in reticular (tils and as will be 
pointed out below the hmphocstes are the 
Sonne of the majorils of the new macro- 
plia^es Both the reticular tell and hmph 
Old In perplasias form a prominent part of 
Siegmntid s ineseiulnmal at ti\ ation ’ 
(2) afmii and fortiialit/n of mor 

rophaye* As pointed out bs Taliafern) 
and Mulligan (1937) mam matn>pha^e^ 
are nvsiluble for inninrial defeme from the 
beginning of the infection Chief among 
these are (1) tin fixed and fret refitlihr 
cells m the splem and bone marrow ami 
(2) the littoral cells of the sinuses or sunt 
Roids of tlie spleen Inir bone marrow anil 
adrenal In mldifion new macrophages 
repljting those whith to pieies a re 
suit of the mahiriul infettion and aetoimt 
iiig for the lisperplasin of the nticulo 
endothelial ssstein so elnratfenstic of 
malarn pirticnl irh in the spleen an e 
both homoplxsticalh and beteroplasticalU 
Ilomnplastieilh macrophages an e b^ 
the mitotic iliMston of (1) a few engor,.eil 
macrophages in the spleen Iner and bone 
marrow (2) a few littoral cells particu 
larh of the h\er and (3) lar^e numbers 
of outstretched tiiiengorged refii iiJar cells. 
Bnietsch (1927 1912i 1932b) has stmlietl 
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Comparatwe hiatology of a Tcnous (inas of the cplecn (I) of a normal rhesm monkey and ( ) of * 
rhesus monkey infected with P eynomolgi In whieh inteove heteroplastie cvtogencsis of macropl ages from 
lymphocytes is seen x 1400 From Taliaferro and MnlJ gan 

Fig 1 A portion of a renona sinus and of a Billroth cord in the red pulp of the epleen from sn un 
infected monVer Note within the sinus the tjpieal nongranular leucocytes and within tlie cord the 
rounded macrophages and the typical reti«lil-ir eclls snth indeterminate cytoplasm 

Fig " A comparable region from the spleen of a monkey kilted 10 days after infection and 7 dirs 
after oarasites appeared in its peripheral blood The animii underwent a typical infectiou and i as 
killed at about the time of the crisis The e nns contains myny Ij mphocytes w ith on ymoun 

of cytoplasm and many large phagocyt e fells wJ teh do not occur in the normal n Iwn In 
enntains a rrogressive senes of mononuclear cells from lymphocyte to macrophage as is ma eatca y 
Polyblaats 1-5 Polybl 1 has a lymphocyte type of nucl us but conta ns one piece of malar at 
whereas at the oti er end of the series FolyW 5 fa • typical macroph ge Witbm this wnes of cells f 
r,t!nt of nhagoeyt^ varies approximately with the s« of the c 11 The same mtermed.ate stage 
can he found m the cords lied Lym 1 possewna a typ cal limpl oeyte nucleus and contains two sma 
granules of malarial pigment in its cytoplasm 
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Monoc,vtotd lympho^-tv Smus Pb^cJt targ Kmikicytc- 
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m detail tins origin of matroplmnfs in pire 
tics uiotulated with tertian mnlaria lie 
coiiclndos that the spccifiL endothclmm (lit 
toril lells) of the Iner splotn bone mar 
row ami l\iuph uckIcs and other macro 
pha,.es of the connective tissues arc Ktimii 
lotisl to form what he terms iiiaerophi,.it 
tissue in varions organs He beheses that 
the blood niaeropha«es arise primarily from 
littoral (ells and to a lesser extent from 
ordmarj emlotbelmm espcciaUv of the 
brim The last conclusion refjorthn^ the 
lapilhirv endothelium has been questioned 
bs Taliaferro and Mulli'j'in (19d7) 

\s bas been demonstrated in mal'iria of 
monkevs and as probablv oecurs in malaria 
of man althoupb it bas not been ndeqiiaieh 
studied in tlie latter bv far the majoritv 
of new macroplnpes arise from l>mpho- 
evtes with or without pas.sm? throuch an 
intermediate montxvte sta^e This hetero- 
plastie cvto^cnesis of macrophages lakes 
place lar^eK m the spleen and results in 
the ociiirrencp after suRlcient malaria! 
stimulation of everv conceivable inter 
mediate stape between bTaphoevte and 
macrophage or from Ivmpliocvte throuph 
monoevte to macrophape (PI 11 Cf Pip 
1 with Pi^ 2) These intermediate ^l^^cs 
occur onh rareJv under phv siolOpical con 
ditions Dunnp malaria Ihev have been 
indiscriminatelv classified bv naanv investi 
pntors as larpe inononiiclcars or macro- 
plia^es III peneral the depree of phapo- 
cvtic actnitv is proportional to the amount 
of cv topi ism of the cell Under the ex 
treme conditions of exceptionally heaw or 
pernicious infections small cells exen in 
cltidinp a few undoubted Ivmphocvtes. 
mav be phapocvtic (PI II Fi^ 2) The 
transformation of hmpbocytes into macro 
phapes m the spleen involves Innphocvies 
chicflv formed la situ but some mav be 
brought to the spleen from other sites bv 
the blood Tbe cv topenesis of maerophapes 
also takes place in other parts of the bodv 
aUbou„h to a letter extent Thus berao 
cvtoblasts the equivalent of lymphoertes 
in the bone marrow undoubtedly produce 
some vnacrophages 


The occurrence of intcmcdiate stapes 
between n^rannlocvtes and jiiacropha es 
does not indicate the direction of the proo 
es-s but the fact that lyinpliocvtcs activeh 
proliferate bv mitosis whereas the various 
macrophages do s« to a much lesser extent 
indicates that the lymphocvfo is aetuallv 
lilt *tem cell* binally the investi a 
tions of Mnxiuiovv and others on the devel 
opment il iwtencies of the Ivniphocyte and 
the recent ini estimations on the origin of 
niacrop!n„es in malaria anil m other mfec 
tions {cf Conwav 1938) suppJv a func 
tional explanation for h mplioid hv perplasia 
and indicate that the hinphoovte is not an 
end cell with lomplefelv nnkiiown func 
tioiis but that it together with the pariiallv 
differentiated monoevte constitutes an 
easih mobilized source of macrophaoes 
(3) Jlcmaiology Peviews of the henia 
lolopv of human inalirm msv be found m 
IVb (1903) Sevfarth (1926) Schillin? 
(1924) Sehilliiv tt ol (1924) oml Tain 
ferro and Kluver (1940) In peneral 
eliaupes lu (he peripheral blood sliow 
a hir.h correlation with those m tbe organs 
m repard to trvthropoiesis Jieteroplul 
mvelopoiesis and monocvtopoiesis but 
although thev indicate the eliaupes thev 
do not qu intitativeh reflect those iii the 
Cleans m regard to pliUr-Oiytosis or tbe 
licfcroplastic development of macrophapes 
Special mention should be made of the 
fv>Uowinp points vvhiclv are discussed m 
detail bv Taliaferro and Ivluver (1940) 
Rubitsebunp (192 j) Bunker (1926) and 
others for man and Taliaferro and lUuver 
for moiikevs have found a pronouiic«l 
transient heterophil leucoc' tosis associated 
with the segmcatatioii of the parasites 
As heterophils are only rarelr phapocvtic 
la either the peripheral blood or orpins 
and then penerallv onlv to a minor extent 
(Taliaferro and "Mulligan 1937) the func 
tional significance of this finding is not 
clear unless thev remove the less easily 
identifiable or more easih dipesled prod 
ucts of segmentation Furthermore many 
authors for man and Taliaferro and Ivluver 
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for monlcejs ha\p found l)iat the lirge 
moiionutlear^ i\lucli have been Aanonslv 
defined to mclnde the larger blood hmpho 
cates monotates and small macrophages 
but nhtch consist for the most part of 
monotstes generilh increase in relation 
to segment ition of the parasites and to the 
infertion as a avhole This increise nflects 
to 1 minor extent the 05 togene is of macro 
phages in the organs 

( 4 ) Feparatiie proli/crations Mans of 
the cellular proliferations in raaliria are 
not related to the suppression of the mfec 


tion blit are fundameiitain reparatne 
Thus ceJliJ are freqnentlv destroj ed during 
milam 01111011 mas thereafter W regener 
ated This is notablj true of era tliropoie 
Sis and mas occur in the regeneration of 
other tissues as m the liver It is also true 
to a greater or lesser extent of l}iiiphoid 
hsperplasii macrophage proliferation and 
the heterOcCtiK c\ togenesis of macrophages 
because these ertls particadarh inthepeini 
cions infections auth P folctpanini an 
often destrojed bv the toxic action of tin, 
pirasites 
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By L T COGGESHALL 

LABOKATOKIEB Of Tl!f IST«\ATlOS*L RtALTII DI»I8I0V, XOCKErEt-LfS fOlVIUTIOV NEW TOtt 


Tue humoral flspetH of inimunitt m 
malaria like those of an\ other infectious 
disease are conccmetl with the production 
ainl lehaMor of specific antibodies tlie 
stud} of Mhich has been handicapped 
chiefl\ b% the lack of a method of cultua 
tion or a suitable meins of concentrating 
the nialarial plasmodia This is espccialh 
true Mitli thost speties pathogenic for man 
sihich incideiitalh present an additional 
dit5eult\ as the\ are not known to be in 
fectious for a lower animal In spite of 
these difficulties it ha.s been coiiclusnel} 
demonstrated that the development of im 
Diunilv m malaria is aocompatueil bv the 
development of specific antibodies m the 
ciriiilatnib blood The identitv nature 
and mode of action of the various anti 
bodies thus far shown to be directh con 
cerneil with recover} from an acute attack 
or rel<i])se in malaria have been obtained 
almost entireli from the stiidv of the div 
ease 111 lower animals However since the 


have reported that a beneficial effect u 
obtained when this procedure is used as 
a therapeutic measure Kaiiders 
shovred that scrum obtained after recoren 
from attacks of induced malaria wonM 
ameliorate an active infection in paretics 
and that acute or normal human serum 
was enlirelv inefTective These eipen 
meiits suggested the presence of circuIatiB" 
protective substances but were not eoncla 
sivc since the effects could hare been non 
specific or enfirelv comcidentaL 

Irotcction tests in animals were at 
femptid bv numerous investigators with 
consistentlv negative or inconclusive re 
suits until It VMS shown bv 
Kiimm (1937) that the serum of rhesus 
monkevs with chronic P InouUsi malans 
protected nomal moukers against death 
due to infection with this verv virulent 
parasite In the same stud} it vras dis 
covered that homologous immune serum 
would attenuate the less severe P J*' 


behavior of most of the espenmcntal infet fection and that normal serum was entirel 7 

tions especialh those occurring in nion without effect against either infection. 

Levs closel} resembles that of the disease There is a quantitative relationship be 
observeil in man important inferential tween the amount of immune serum and 

evidence tnav be obtainetl the number of parasites used m the in 

oiiilum for a protection test smaller 
I Assnx Imhlmty dosages of parasites require proporfionall' 

The earl} attempts to transfer passiselv lesser amounts of immune serum for effec 
protective antibodies in malaria were baseil ti'c protection (Coggcshall aud Eaton 
upon the use of convalescent serum ob 1938b) This is a probable explanation for 

tamed from patients with long standing earlier failures with protection tests in that 

chronic infections Soteriades (1917) ob dosages were excessive and ovenvhelmed 
tamed serum from patientf who presiim the action of the antibodies More recentlv 
abb had a high degree of immunit} as Ilegner and Eskridge (1938) Mauweuancl 
md"ed bv the presence of circulating para Goldstein (1940) Mosna (1938) sndTvIia 
Sites and no clinical svmptoms He ad ferro and Taliaferro (1940) have also been 
nimistered this serum to another patient able to demonstrate that the serum of am 
dnrmf' an acute attack ami reported im mals with chronic malarial infections con 
nrovement in the recipient More recenti} tamed protectire antibodies The blo^ 
Lrando and Sotemdes (1936 1937) re serum obtained from paretics after tnduced 
S^a“,nB tbTetier.ments4lI.uho.e blood P Inauto. malar,, ererts a protect, re 
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action wten administered to riiesaa mon 
kejs against infections by the same parasite 
(Coggeshall 19i0b) Honever the serum 
of these same individuals before the mfec 
tion IS without effect 
These studies seem to furnish ample evi 
denee that neutralizing antibodies are 
found during an attack of malaria and 
although not experimentally proved it 
seems probable that they are concerned 
with the specificity of the disease This 
assumption was given strong support b> 
the studies of Boyd et fli (1938) who 
showed that paretics with induced P vmjqi 
malaria had a complete immunity against 
the Floridian strain of the parasite with 
which they were initially inoculated jet 
were readily susceptible to Panamanian 
and Cuban, strains of P vnoi The fact 
that an immune host can resist reinfection 
following massive doses of the homologous 
organism yet react as a normal when in 
jected with a closely related strain indi 
cates that some factor other than a highly 
active cellular defense mechanism is re 
sponsible for the marked degree of speci 
ficity encountered with malarial infections 
The behavior of the protective antibody 
daring the long latent period of malarial 
infection has not been thoroughly studied 
although there is evidence to support the 
belief that the concentration fluctuates 
with the changes in the rate of muUiplica 
tion of the parasite For example prelimi 
nary studies in this laboratory have shown 
that serum obtained immediately before a 
parasitic relapse in P knowlett infections 
contains practically no protective anti 
bodies while serum obtained after the 
spontaneous termination of the relapse in 
the same animal often has an extremely 
potent effect when used in a protection 
test It seems probable that recovery from 
malaria is accompanied by a gr^nally 
increasing titer of protective antibodies re 
suiting from a seriesi of relapses (dnm^ 
which parasites may or may not he fonnd 
in the circulating blood stream) until even 
tually a complete cure is attained Expen 
mental evidence supportmg this eonclnsion 
comes from the finding that the titer of 


smim from monkeys with chronic P 
inoufesi infections can be enhanced con 
Kiderublj by repeated injections of massive 
doses of living parasites (Coggeshall and 
Knmm 1938) Undoubtedly the occurrence 
of spontaneous relapses is a mechanism of 
autohyperimmunization which results in a 
more efficient humoral immune mechanism 
The exact role of the protective antibody 
m malarial immunity has not been clearly 
demonstrated although a likely possibility 
IS that it sensitizes the parasite and renders 
it more susceptible to phagocytosis A 
greater protective effect in protection tests 
m monkeys and chicks is obtained with 
serum that has been incubated at 37 C 
with the inoculating dose of parasites in 
stead of merely allowing the immune serum 
and parasites to come in contact before 
inoculation of the mixture or the separate 
injections of the two components (Cogge 
sh^ and Eaton 1938b Taliaferro and 
Taliaferro 1940) There is a union be 
tween the protective antibody and the 
parasite because the protective effect of an 
immnne serum can be removed by absorp 
tion witb an excess of living parasites 
These and other related experiments where 
immune serum renders viable parasites 
noninfectious indicate that an immune ma 
laria serum can act upon the asexual plas 
modia although the removal of the circu 
latmg parasites from an infected host is 
undoubtedly the function of the macro 
phages (Taliaferro this volume p 239) 
Although the above mentioned findings are 
suggestive further studies are necessary to 
elucidate clearly the exact mechanisms of 
action of the protective antibody 

Complement Feonq Antibodies 
A specific complement fixation reaction 
for malarial infections has been the object 
of many studies and a summary of the re 
suits up to 1927 although contradictory 
indicates the presence of complement fixing 
antibodies in the serum of patients with 
ehronie malaria (Taliaferro 1929) The 
most significant work was that of Kings 
bury m 1927 who used infected P falci- 
parum blood from internal organs in an 
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attempt to obtain an antigen of low anti 
cowpJementAn propert} but of high 
specificity and sensitnity Saline emul 
sions of heart blood ga^e specific results 
vet sera from 23 known cases of malaria 
filed complement in onlv 48 per cent of 
the instances. The chief dif!lcnlt> encoun 
tered m all of the inxestigations was the 
lack of sufficient quantities of parasitic 
material to serve as an antigen This 
obstacle was overcome br the ntilization of 
P knoiclcs\ parasites from rhesus monkej's 
which unless treated usual!} die from an 
oserwhelming para.sitemia (Coggcshall and 
Eaton 193Sa) In these animals it was 
found that specific complement fixing anti 
bodies appeared shortiv after tlie acute 
attack was terminated either bj quinine 
or bv immnne serum and that the antibod} 
titer dropped to a more or less stationary 
level During the chronic stage of Uie in 
fection when parasite relapses occur at 
irregular intervals the titer is low preced 
ing each relapse and ts eleiated consider 
abl} following each relapse There is no 
evidence to show that specific complement 
fixing antibodies are identical with the pro- 
tective antibodies, althoagh freqnentl} ant 
mals with a high protective scrum tiler 
show a marked concentration of comple- 
ment fixing antibodies. Complement fixing 
antibodies can be produced with ease in 
rabbits and monkeys bv the injection of 
killed P knotclen parasites, although this 
procedure does not confer an active im 
munity in the monlev or produce protective 
antibc^es in the rabbit. Possible explana 
tions are that separate immunity meeba 
nisms are invohed or that perhaps it is 
onJr a quantitatne effect 

The complement fixing antigen is present 
m some unidentified constituent of the 
parasite and it also can be readil' detected 
as a soluble antigen The greatest concen 
tration of the soluble antigen occurs in the 
blood serum at the height of the acute 
attack of P knoutesi malaria and as 
would be expected the amouat is related 
directly to the parasite count. The antigen 
has the ability to fix complement m jm 
mune animals and probablj is concerned 


with (he production of the complement fix 
ing antibodj at least these antibodies are 
readih produced in normal animals bj 
injection of the soluble antigen- ‘When 
normal monkei's are immunued apparent!' 
onli complement fixing antibodies are de- 
veloped as no agglutinins or protective anti 
bodies appear in the serum and there is 
no resistance to infection Clmicallj the 
antigen is unstable in acids and alkalies, 
M heat stable up to 56® C and appears to be 
a constituent of the albumin fraction of 
the serum 

COMPLEME-VT FiXATIOV KeACTIOV C. 

HLUAS MaJjABIA 

In the studies on the P ’knoiclen east 
plcment fixing antigen one of the most 
inierevling developments was the discovery 
of the broad antigenic power of the aatigen. 
It would bind complement in human ma 
lana serum with the same degree of sensi 
tint} OS was found with homologous mon 
ke) immune serum (Eaton and ^ggesball 
1939) This finding immedistelr suggested 
the investigation of the practicabilitv of the 
reaction as a diagnostic aid m isalana, 
which is a real necessitj especialh in those 
low grade infections or treated cases where 
parasites are too scanty for microsLopical 
detection As pointed out above all pre 
nous tests depended upon infected human 
materia! as a sonree of the antigen which 
naturailj limited their usefulness In one 
average size rhesus monkey it is possible 
to obtain approiiraatelv 10 cc of packed red 
cells with over CO per cent containing 
malaria parasites The antigenic property 
of this material can be shown to exist m 
dilutions up to 1 320 and as the anti 
complementary range is absent or ex 
tremeJy low it would seem to be a widelv 
adaptable test even for large scale use It 
was found that the test was highly specific 
for malaria m that practicall} no false 
positive reactions were obtained although 
large numbers of sera from normal indi 
vidnals from convalescents from a vanetv 
of infectious disea-ses, and from patients 
with strong positive assermann reactions 
were used as controls. Patients either with 
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or mthout luetic infections and negative 
malaria complement fixation tests before 
induced therapeutic malarial infections de 
Tclop the maximum titer of complement 
fixing antibodies about 3 'weeks after the 
onset of the central acute attack In paret 
ICS the antibodies persist from 2 to 5 months 
after the disappearance of parasites from 
the blood smears an important considera 
tion as these studies were conducted with a 
strain of malaria characterized by infre 
quent relapses It is possible that aerom 
from patients in endemic areas of malaria 
would be positive for even longer periods 
The value of this test as a diagnostic proce 
dure depends upon its being positive in 
chronic infections -without detectable para 
sites m the penpheral Wood stream Strat 
man Thomas and Dulaney (1940) have 
employed the above described antigen and 
technique for diagnostic purposes with 
promising results Although the test has 
yet to be completely evaluated preliminary 
observations indicate that it may be an im 
portant aid not only for diagnostic pur 
poses but more important as a means of 
studymg parasitic activity and host re 
spouse 

Aoolutikws 

The specific agglutination of malarial 
parasites by an immune serum was ongi 
nally demonstrated in 1938 by Eaton with 
P knoMlesi This observation has been 
confirmed by Somogyi (1939) and Singh 
and Smgh (1940) Recently m a prelimi 
nary publication blulligan and Russell 
(1940) reported the specific agglutination 
of P gallinaceum sporozoites m dilntions 
of homologous immune serum as high as 
1 8000 Thus the discovery of agglntmms 
in malarial infections adds more evidence 
to the belief that the immune response 
within a host differs little whether the 
pathogen is a virus bacterium or a pro 
tozoan 

It is possible to detect agglutinins in P 
knoulesi infections about the tune that an 
acute infection is being transformed into 
a chrome one Although only weakly posi 
tive at this stage the reaction becomes pro 


grcsstvely stronger so that finally a demon 
strable effect may be obtained m serum 
dilated 1 1000 Only the mature parasites 
located within red cells that presumably 
have more permeable cell membranes or 
parasites artificially released from the red 
cells have the capacity of being agglutm 
ated by an immune serum Other related 
findings indicate that the agglutination 
phenomenon in malaria is a true antigen 
antibody reaction Unlike the complement 
fixation reaction where the antigen is un 
able to distinguish between antibodies pro 
duced by closelj related parasites the 
agglutination reaction is very specific 
This test might possess important practical 
apphcations if it were possible to obtain 
sufficient organisms Unfortunately the 
reaction with scbizonts is ver> unstable 
and only viable organisms can be used 
The specific egglutmation of P knoultsx 
parasites by the homologous immune serum 
IS strong presumptive evidence that the 
parasites are sensitized tn vtio and thus 
rendered highly susceptible to phagocytosis 
by the eaeropbagie cells of the host As 
mentioned above the cellular defense 
mechanism undoubtedly plays the final role 
in the concentration and destruction of the 
malaria parasite In the initial stages of 
the fight however the hosts attempt to 
recover from an infection may be depen 
dent upon specific antibodies At least a 
highly activ e macrophage system is effective 
only against an infection originally respon 
Bible for its activation (Taliaferro this vol 
ume p 239) 

PRECIPITIKS 

Several investigators (Pewny 1918 Zie 
mann 1924 Taliaferro and Taliaferro 
1928 and Row 1931) have attempted to 
demonstrate specific precipitins in malaria 
immune serum and although suggestive 
none of the reported results appear to be 
entirely conclusive The work of the Talia 
feiTos was the most extensive as they tried 
75 separate parasite antigens The beat 
antigen was prepared from infected pla 
centas by removing and drying the para 
sites then digesting with 0 0,^ N HCl and 
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neutralizing mth NaOII A positive test 
was obtained in 29 instances using the sera 
from 34 patients shomng circulating para 
sites Howe'er the use of antigens pre 
pared in the same manner in ditferent 
areas did not fnrnish such promising re 
suits. Repeated unsuccessful efforts ha\e 
been made in this laboratory to demonstrate 
a specific precipitin reaction in anan and 
monXe^ malaria Antigens prepared from 
practically pure concentrationa of P 
knotclesi parasites and known to have a 
high antigenic potency for the malarial 
complement fixing antibodies failed to pre 
cipitate antibodies in the scrum of animals 
obtamed during the sarious stages of the 
acute and chronic infection or even with 
hyperimmumzed serum From the studies 
on humoral immunity in malaria it seems 
bighl} probable that there should be spe- 
cific precipitms at some stage of the infec 
tions and that the failure of consistent 


demonstration is due to low concentrations 
of the antibodies and a weaklj reactive 
antigen 

Suuuaar 

Humoral immune snbstances m the form 
of specific antibodies ha' e been conclusively 
demonstrated in malarial infections of 
birds monke'-s end man Those identified 
thus far are protective antibodies a'^lu 
tmins and complement fixing antibodies. 
There is also suggesti'e evidence for pre- 
cipitms although their specificity is in 
doubt and they cannot be demonstrated 
consistently The development of inmmn 
ity to malaria can be shown to accompany 
the formation of the specific antibodies. 
Althoogh not definitely proved there is 
much inferential evidence pointing to the 
specificity of the immune response m 
malanal in/ections as being tbe concern of 
humoral immune bodies. 



CINCHONA AND ITS ALKALOIDS IN THE TREAT- 
MENT OF MALARIA 


By ERWIN E NELSON 
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The cinchona official in the United States 
Pharmacopoeia XI la the dried bark of the 
Etem or root of three species of cinchona 
tits Cinchona suceiruira or red cmchona 
C Ledgenana and C Caltsaya or yellow 
cinchona or of hybrids of these species with 
other species This bark must yield not less 
than 5 per cent of total alkaloids The 
chief source of cinchona bark at present is 
the Hast Indian island of Java where the 
Dutch ha^e developed ita euUivation to a 
high degree The consumption of cmchona 
dernatrves in the United States is not 
exactly known but the Department of 
Commerce estimates it at about 5000000 
ounces per year (Concannon 1940) Since 
the tvar broke out m Europe there has been 
B definite increase in the importation into 
the United States Considering importa 
tioss of bark on the basis of tbeir alkaloidal 
content there was imported between Sep 
teiaber 1 1939 and March 1 1940 the 
equivalent of 5 000 000 ounces of cinchona 
alkaloids as compared with 2 270 000 
ounces for the corresponding period of 
1938-39 As a result of these increases in 
importation the Department of Commerce 
belieies that there are in the United States 
approximately 10 000 000 ounces of qnicine 
sulfate or enough to last for a period of 
more than two years In the latter part of 
1939 tbe War Department purchased 
800 000 ounces to be held for emergency 
(Concannon 1940) 

The small fraction of imports that has 
m the past come from Latin American 
countries has also increased extensively 
According to the figures of the Department 
of Commerce the importation of cinchona 
from Guatemala Ecuador and Colombia 
for the first 5 months of 1940 amounted to 
nearly 81000 pounds as compared with 


less than 19 000 for the corresponding 
months of 1939 (Chapman 1940) The 
only justifiable uses of the cinchona alka 
loi^ in the opinion of this reviewer are for 
their effect on the heart m certain types of 
disordered rhythm and for their action 
against the organisms responsible for 
malaria Actually much of the material 
imported goes into hair tonics headache 
remedies and the so called chill tonics 
Restriction of the use of tbe emebosa alka 
loids to the treatment of malaria would be 
a very proper emergency measure 
From the bark of various species of cm 
cbona there have been isolated more than 
20 alkaloids Although the constitution 
of not all of these is known those Tihieh 
are of importance to the present discussion 
are members of a closelj related senes 
whose general formula is given in Fig 1 



Alcohol 


Fra 1 General formula for the qu n ne eer ea of 
alkalo da (modified from Findlay 1939) 

In quinine and qmnidine R = methoxy 
(-OCH,) and P = vinyl (-CH = CH,) 
In cinchonine and cinchonidme E = H and 
R remains (—011 = 011,) When R be 
comes — OH there is formed the base 
cupreine Formation of the hydro bases 
of cupreine and of the above alkaloids 
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occurs when the unsaturated vmjl group 
mg 13 replaced bj the saturated chain 
- Cir» CIIj Allrvl substitution for the R 
of dihjdrocupreine gives rise to a senes of 
substmces much studied for their chemo- 
therapeutic action (optochm cukupm 
sTirm) but of no present interest because 
of their lack of any important degree of 
action against the malarial plasmodtum 
These chemical relationships are shown m 
Table I 


to alkaloids of the opposite sign (Dawsoo 
et al 1933) 

The historical aspects of the use of cm 
chona have recentlj been reviewed by 
others (Dawson 1930 Fischl and Schloss 
heifer 1932) and will not be discussed here 
Up until the introduction of plasmocbm 
(1926) and atabrme (1933) preparations of 
cinchona or its alkaloids were the only 
established substances for the specific treat 
meat of mahna Ahhongh these aeirer 


TADLE 1 


Tn* PtlSCfTAL Cl*ICnOVA At-SALOm 
(FiAchl ADd S«Uo<9berg«r lOS*’ p 153) 


Formula 

1 

1 Sign of rotation 

1 SabstitntioDi 

Iaicto 

Prztro 

1 ^ 

n 

C.jr«ov, 

Cti)cboai.jioe 

Ciftcbonise 

1 zr 

ciTscn, 

c«n,o^, 

Cupreiea 

Copreiduie 

on 

cnscn, 

c,n*o,N, 

Qmoioe 

Qoini^iso 

ocn. 

cn»cH 

Cx TIJ)S, 

Ilydroclatbonlduie 

nydrociothoaine 

1 IT 

cHcn 

Cun,.o,N, 

nydroeoprelse 

lly^roeoprtidine 

on 


CbIImO^ 

IlydroijtdaiBe 

Ilydro^nmidtae 

ocn 


Can.O,N, 

Optoebin 

ocn cs, 

cDcn 


There are four asymmetric carbons m 
the formula given in Fig 1 This of course 
gives rue to the possibility of isomerism 
among the members of the group Thus, 
qumme and quinidme form a pair difiTer 
mg only bj the sign of rotation of polarued 
light Similarly cincboDidine and cm 
chonme form a pair nowever, it bos not 
been possible to relate therapeutic effective 
ness of the alkaloids against the malarial 
organisms to the sign of rotation Often 
it IS the case that the laevo-rotatory member 
of a pair of isomers has the greater bio- 
logical activity This certainly does not 
hold for the quinine quinidme pair Such 
information as is available indicates that 
m the treatment of malaria they are essen 
tially equivalent (vtde tnfra) while in 
toxicity and depressing effect on the van 
ous parts of the circulatory meebamsma the 
deitro-isomer quinidme is clearly the 
stronger member of the pair (Nelson 1927a) 
The chief significance of the isomensm lies 
in the fact that idiosyncrasy to alkaloids 
of one sign does not necessarily carry over 


substances are apparently commg to be of 
greater and greater importance qumme 
still bolds a mayor place A recent report 
of the Malaria Commission of the Health 
Organization of the League of Nations 
(1937) carries the following statement m 
its conclusion ‘‘Among those drags [te, 
those used for curative or prophj lactic mass 
treatment] qumme still ranks first m cur 
rent practice by reason of its clmicsl effec 
tiveaess and almost complete absence of 
toxicity coupled with widespread knowl 
edge of its use and dosage (page 1015) 
While historically the use of bark or of 
galenicals made from it in the treatment 
of malaria is of constderahle interest such 
preparations do not play any important 
role in the treatment of malaria by organ 
ized medical and public health agencies m 
this country In other parts of the world 
the necessity for supplymg drugs for mass 
treatment at the lowest possible cost has 
led to the mtroduction of the use of extracts 
of bark without complete separation and 
isolation of the alkaloids The Malaria 
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Commission of the Health Organization of 
the League of Nations has set np standards 
for a preparation of the total alkaloids 
under the name Totaqmna which has 
been widely used throughout the world 
(Pampaua and Fletcher 1934) This 
preparation was adopted into the British 
Pharmacopoeia in 1933 and its adoption 
for the U S P XII has been urged on the 
ground that this would establish standards 
for the preparation used in the Philippines 
It can be produced in the Philippines and 
quite possibly in Central America Any 
dislocation of commerce inth the East 
Indies that cut off supplies of alkaloids 
would in all probability at the same time 
disturb trafBc with the Philippines The 
flow of supplies from Central America 
however should he free from interruption 
The most important alkaloid in cinchona 
18 qumme The most extensive experience 
m this hemisphere in the treatment of ma 
laria is that makug use of quinine or of 
Its salts The emphasis in the rest of this 
paper will therefore be placed on a discus 
Bion of this substance The pharmacology 
of qainue and lU relatn es will be discussed 
only m so far as this may relate to their 
use m malaria 

Fundamentally it may be said that the 
action of quinine m adequate dosage is to 
destroy all forms of P vnax and P 
malaruie in the peripheral blood of the 
human host and the trophozoites hut not 
the gametocytes of P falciparum (Craig 
1939) Treatment with quinine in the 
usual dosic® does not aSect the patient s 
general condition adverselj and gencrallj 
has no depressive or toxic effect if the 
period of administration is limited to the 
strictly necessary number of days This 
summary statement should of course he 
amplified It is well recognized that there 
are differences in the action of qnmme on 
the different species of plasmodinm causing 
malaria and possibly also on different 
strains within the same species Further 
as already indicated different stages in the 
life cycle of the plasmodium react differ 
ently It is generally held that quinine n 
parasiticidal in the sense of causing their 


disappearance to both trophozoites and to 
thft fully developed gametocytes of P ttuox 
and P fnalorwe m the circulating blood 
On the fully developed gametocytes of P 
falctpanttn quinine has only a slight 
action if an} It is believed by some (Par 
rot Catanei and Ambialet 1937) that 
quinine if not toxic to fully formed gameto 
cytes does in fact retard their formation 
These workers insist that any drug with 
schizontieidal properties tpso facto pos 
sesses gamctocidal properties in regard to 
sexual forms in progress of development 
The correctness of this view has not been 
established and further evidenct is needed 
The point is of considerable importance in 
relation to the control of malaria So far 
as treatment of the individual is concerned 
It makes no difference whether he carnet 
sexual forms m his blood or not 
The relief of cbnical symptoms and the 
disappearance of the parasites from the 
blood stream are more or less parallel In 
thebemgu tertian infection the trophozoites 
disappear about the third day and the 
clinical symptoms are relieved at the same 
time For quartan fevers clinical improve 
meat «omes on in about the same time 
With malignant tertian the trophozoites 
persist a day or more longer and similarly 
there may be three or four paroxj sms after 
treatment is started In no case however 
can the relief of symptoms be taken to 
indicate that the body has been freed of 
the invading organisms Cessation of treat 
ment is followed by relapse in a consider 
able number of cases In primary infec 
tions treated by the ordinary doses of 
qumme as high as 50 per cent may relapse 
This tendenej to relapse has resulted in 
the development of two quite different 
practices m the treatment of malaria The 
National Malaria Committee recommended 
as a plan of treatment quinine sulfate 0 6 
gm 3 times per day for 8 dajs followed by 

06 gm daily for 8 weeks Craig (1939) 
usii^ this treatment finds not over 5 per 
cent of relaps s The League of Nations 
Malaria Commission on the other hand 
recommends 1 0 to 1 2 grams daily for 5 to 

7 days with treatment of relapses only 



258 MtfJtBTt 

when they occur The arguments for aad are observed when qumme is given daring 
against these respective plans lie outside the growth period of the trophozoites In 
the scope of this paper human beings James (1933) found that 

With respect to the mode of action of pretreatment of the patient with qumme 
quinine on the malarial plasmodium jt did not prevent or retard the development 
cannot be said that any real explanation of naturally induced malaria, 
exists. The earlier workers believed that The obser>ation3 just listed do not offer 
the drug exerted a simple direct antiplas* a complete explanation of the action of 
modtal action and current texts on phar qninine At various tunes it has been held 
macologv to some extent still reflect this that some of the breakdown products of 
view But the matter is not so simple In quinine might be responsible for the anti 
the first place it has long been knorm that malarial action since qumme itself is not 
incubation of malarial blood with rela very toxic for the malarial organism. An 
tuelj high concentrations of quinine does other wa> of getting around this dificnlty 
not destroy the infectiveness of this blood has been to suggest that quinine favored the 
m the production of thcrapeotic malaria prodnction or activation of some natural 
(Kirschbaum 1923) The concentrations antibodies orke and Macfie 1924b) Other 
reached in the blood after either oral or observers have assigned to the rcticulo* 
intravenous administration are in the first endothelial system a role in the activity 
place not high and secondly they are not of quinine and other antimalanal dni'^ 
maintained (Chopra Roy and Dos Oupta This view is based on the finding that pre- 
1934) for more ^an a very bnef period treatment with trypan bine which blocks 
It IS difficult therefore to thmk that the the reticulo endothelial system, reduces 
action of the quinine in the blood stream the effectiveness of antimalanal drugs m 
or on the blood cells is a direct one on the the treatment of experimental infei.ttans 
parasite The suggestion has been made (Kritscbewski and Demidowa 1934) 
that the drug retards the reproduction rate AVliile quinine is the alkaloid present m 
of the parasites Acton and Chopra cinchona bark m greatest amount other 
(1927) for example hold that “it probably alkaloids arc present to an extent justify 
hinders reproduction by tbe formation of a ing investigation of their effectiveness 
smaller number of merozoites “ Krishoon against malaria Investigafionsoftheeffec 
(1933) added that qumme might increase tiveness of these alkaloids have been com 
the length of time necessary to complete plicated by the difficulty of obtaimng com 
an asexual cycle There have been a num pletely pure specimens of the mdividual 
ber of experimental studies on bird malaria alkaloids The complete separation of these 
which indicate that for these forms at least alkaloids is apparently not feasible except 
such disturbances of reproduction occur as a research project and the ordinary 
both by retardation of the cycle and reduc medicinal preparations are far from pure 
tion of the number of merozoites formed at In Table If are given the probable impuri 
schizogony (Manwell 1934, Boyd and Allen ties accordmg to Dawson 
1934 , Lourie 1934 , Boyd and Dunn 1939) The first and still the most extensiv e com 
Observations such as these do seem to offer parative study is that of the Madras Cm 
an explanation of the puzzling observation chona Commission (1867-68) This work 
that a drug like qumme, so effective in vvaa done before the discovery of the ma 
reducing the number of parasites fails to larial parasite and the criterion of cum 
destroy all of them. They are also con was “cessation of febrile paroxysms 
sistent with the observation that qumme is Although the alkaloids used certainly were 
meffective m reducing the number of not pare the results obtained serve as con 
gametocytes Boy d and Dunn (1939) em vmcmg evidence that there is no great dif 
nhasize the fact that these actions on repro- ference m clmieal effectiveness of the four 
duction m experimental malaria in birds major alkaloids In Table III is given a 
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TABLE II 

ATTEOXlMiTE lUPUWTIES I*f llEDlClNit 
PSEPiiATlONS 


ABcaloid 

1 Appioximate percentage of 
impurities 

Quinine 

Cinchon dine "Si Bydroqui 

nne ISy 

Quuudnie 

Hydroqviinidiac 6-30** 

Cinehonine 

Hydrocinchonme 107 

Cinchoniduie 

Quinine 107 Hydroemchoni 


dine 87 


brief summary modified from Dawson « ex 
tensne discussion of this important report 
m the report of the Madras Cinchona Com 
mission These early observations have 
been essentiallj confirmed by the more 
recent workers in this field The exact 
relationship Tanes bnt it can be assumed 
that any of the four alkaloids listed is effec 
ti\e In India in the treatment of chronic 
benign tertian malaria Sinton and Bird 
(1929) conclnded that the percentage of 
cases showing relapse was about the same 
for the four alkaloids According to 
Fletcher (1928) this is true not onI> for 
benign tertian but also in estivo autumnal 
infections In. the latter however cm 
ehonine and cincbonidine are perhaps some 
what inferior Quartan fev era yield to an> 
of the fonr alkaloids Since b^ far the 
largest amount of alkaloid in the currently 
available Dutch barks is quinine the use 
of the other alkaloids is of importance only 
m those cases showing an idiosyncrasy to 
quinine As already mentioned m some 
ca'ses at least idiosyncrasy to quinine does 
not extend to its isomer of the opposite 
sign so that it » possible to treat malaria 


TtBLE III 

Effsctiteniss or Fova Cawr Cibcboba 
ALEAl^mS 


98 6 
97 7 
97 6 


Quinine 
Quinidme 
Cinchon d ue 
Cinchoniue 


in an mdmdual showing abnormal reac 
tious to quinine with qumidine (Dawson 
ei al 1933} 

No general discussion of the pharmacol 
ogy of quinme or the related alkaloids 
seems desirable here It should always be 
kept m mind that there are two groups of 
untoward reactions that may follow these 
alkaloida namely the symptoms of over 
dosage or cinchonism which may be ex 
pected in any individual if enough alkaloid 
M given and tie symptoms of idiosymcrasy 
occnrring m a small number of individuals 
even from small doses By cmchomsm is 
meant the well known complex character 
ixed chiefly by headache ringing in the 
ears sensation of fullness in the head dis 
turbances of vision While this complex 
IS undoubtedly more easily brought on m 
certain individuals than m others there is 
reason to believe that all individuals would 
show it after adequate dosage Idiosyu 
crasy to quinine however is shown bv a 
different group of symptotUB The most 
common of these are skin eruptions which 
may take a variety of forms Other effects 
may be pseudo a&thmatic attacks or gastro 
intestinal disturbances with vomiting or 
diarrhea Some patients according to Ba> 
tedo (1937) may show typical anaphylae 
tic phenomena with swelling of face hands 
aud feet a sense of suffocation coiic and 
prostration The mechanism of idiosya 
crasv IS unknown In many such cases 
quinidme has been substituted successfully 
(Dansonefal 1933) 

Absorption of qumme or of its salts from 
the gastro intestinal tract is reasonably 
rapid and probably complete Quinine can 
be detected m the urine within 15 minutes 
after oral administration and it continues 
to be excreted by the kidney for some time 
Excretion is most rapid in the first 24 
hours but traces occur in the urine for as 
Jong as three days Only about one third 
of that Ingested can be recovered from the 
urine The fate of the balance in unknown 
After intravenous administration quinine 
disappears from the blood stream very rap 
idly 9 b per cent of it within 5 minutes A 
part this can be recoveted from some 
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of the organs — lungs, Iner kidne>s heart 
and brain (Hatcher and ^^elss 1926) A 
considerable amount, however, cannot be 
accounted for Weiss and Hatcher (1927) 
believe that the Iner destroys the greater 
part of an intravenous dose Determina 
tions of the quinine content of human blood 
after intravenous quinine therapj give re 
suits consistent nith the above mentioned 
experimental 0ndtng3 Hatcher and Gold 
(1927) for example found only traces of 
quinine in 60 cc of blood after the intra 
venous administration of CoO mg of quinine 
hjdrochloride 

A detail of the pharmacology has to do 
with the elfett of quinine or quinidine 
when given intravenously Such a proce 
dure IS rarel> neccssan According to 
Maxcj (1928) such a route of adminisfra 
tion has per ae no superiority over the oral 
one and should be reserved for occasions 
when oral administration is impossible 
Wliea quinine or quinidine is given intra 
venous!^ there alwavs results a fall in blood 
pressure due in part to a depression and 
weakening of the heart muscle and in part 
to a dilatation of blood vessels The degree 
of fall IS in part dependent on the concen 
tration of the solution and m part on the 
rapidity of injection Such an injection 
should therefore be carried out very slowly, 
and should be of a well diluted solution 
The statement is commonlj made that in 
jections of epinephrine may be used to 
counteract the circulatory depression It 
does not seem to be widely known that one 
of the characteristic actions of quinine and 
quinidine is to antagonize the pressor effects 
of epinephrine so that it is very much Jess 
effective under these circumstances than is 
normally the case (Nelson 1927b) 

Another point of practical concern in the 
pharmacology of quinine is its action upon 
the pregnant uterus It is commonly be- 
lieved to be hazardous to administer 
quinine to a pregnant patient Further 
qumme is credited with being an effective 
oxytocic substance and is often used by 
obstetricians for its stimulating action upon 


the uterus Whether such an action 
actually exista maj be questioned. Re 
ccntlj Reed (19-10) has reiterated the new 
previouslj expressed by others that the 
danger from miscarriage in untreated 
malaria is greater than the likelihood of 
fitimulation of the uterus to evacuation br 
the use of quinine This rev lewer, speakin" 
as a pharmacologist and not as a cbnician, 
has long felt that the oxjiocic action of 
quinine was v erj much overestimated 
There still remains however the possibility 
of injury to the fetus i»«/erob} the admin 
istratiOQ of quinine 

There are a number of preparations of 
quinine available differing chieflv in their 
solubihtj This matter of solnbihtv prob- 
ably modifies the taste more than it does 
the rate of absorption The preparation 
that has bad tbe most extensive use m the 
United States is the sulfate which >s a rela 
lively insoluble form (1 gm in 810 cc water 
at 20® C) Clinical experience certainlv 
indicates that it is absorbed fairly readily 
and promptly Qumme the base is only 
half as soluble as the sulfate and is con 
siderably less bitter The tannate and 
ethyl-carbonate are still less soluble and 
practically tasteless Thev make a satisfac 
tory dosage form for administration to chil 
dren For intravenous administration 
there ore three soluble preparations avail 
able quinine dibvdrochlonde qumme and 
urea hy droehlonde and the N F ampule 
of quinine hydrochloride and urethane 
Since the size and frequency of dosage and 
the duration of treatment are taken up else- 
where in this volume they will not be con 
sidered here 

Cinchona and its alkaloids have long 
played a most important role m the attack 
upon malaria While the drug does not 
meet every requirement of modem medi 
cine it still remains one of the most power 
ful weapons in the physician’s armamen 
tarium and certainly is not to be discarded 
until more effective substances are avail 
able 
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Medicinal agents other than quinine 
u^ed in the treatment of malana may he 
divided in three groups (a) synthetic com 
pounds with a specific chemotherapeutic 
action against the malaria parasites and 
atructura\\> related to quinine ayn 
thetic compounds with a specific chemo 
therapeutic effect against malaria parasites 
but structurally not related to quinine (c) 
drugs of synthetic or natural origin with 
general chemotherapeutic actmty but not 
specifically directed against the malarial 
parasites 

The introduction of synthetic eompouixis 
with antimalarial properties equal or 
superior to those of quinine li one of the 
greatest tnumphs of systematic chemothera 
peutie research and the first real advance 
ment in the field of antimalarial therapy 
since the introduction of quinine The 
credit for this achievement belongs to a 
group of workers at the Hesearcb Labora 
tor> of the I G the great German chemical 
trust The work of these men among whom 
Horlem Kikuth Mietzch Boehl ^hoeo 
hofer Schnlemann and 'Winglcr are prom 
ment opened new approaches to malarial 
therapy and led to the synthesis of thou 
sands of compounds by chemists in all parts 
of the world However none of the com 
pounds made since the introduction of 
Plasmochin in 1928 and Atabnne in 1933 
has proved superior to these two agents 
and for brevity s sake we may therefore 
confine our discussion to them 

Plasmochin 

The structure of plasmochin is cbemi 
tally somewhat related to that of quinine 
being an ammo quinoline derivative (N dl 
ethvlaminoisoptntyl 8 ammo 6 method 
quinoline (C,H,)*N(CH,) CHICH,)NH 
CHjOCjHsA) However Schnlemann and 
his CO workers (1927) who synthesized the 


compound arrived at it not through an 
attempted modification of the original 
quinine molecule but rather through an 
alteration of the structure of methvlene 
bine the antimalarial properties of which 
had already been recognized by Ehrlich m 
1891 

Piavmochm is one of the most specific 
and potent antimalanals Its effective dose 
m Protcovoma praecoj; infected canaries 
when admimstered daily bv mouth for 6 
days is 002 mg and its letbol dose is 
06 mg per bird (Roehl 1926) The cor 
responding figures for quinine hydro 
chloride are 1 25 mg and 5 0 mg respeo 
lively Thus its chemotherapeutic in 
dex IS 1 30 as comparod to that of quinine 
1 4 In experiments tn viiro a coneentra 
tion of plasmochin of 02 mg per eo will 
kill P praecox after incubation for 1 hour 
as compared to 0 5 mg per cc of qumme 
(Borcbardt 1930) In a comparison of the 
effect of quHune and plasmochin on pro 
teosoma infected canaries a peroral dosp of 
0 01-0 1 gm of plasmochin greatly reduced 
the number of merozoites as well as their 
rate of formation while a peroral does of 
0 25 to 0 5 gm of quinine only reduced their 
number hut did not materially alter their 
rate of formation (Boyd and Dunn 1939) 
Although exerting but digbt effect on 
schizonts of the parasites of tertian and 
quartan it possesses a powerful action 
against the gametocytes of P falciparum 
(Roehl 1926 Kikuth 1932) and even m 
mimmai doses renders them non infectious 
for mi^uitoes (Barber Komp and New 
man 1929b) This gaiaetocidal effect is not 
manifested by quinine which possesses only 
antisehizontic properties The systematic 
administration of plasmochin to carriers of 
tropical malaria should greatly aid m the 
eradication of this disease through the 
destruction of the sexual forms of the 



260 


SlAtARU 


of the organs— lungs liter kidneys heart 
and brain (Hatcher and 'Weiss 1926) A 
considerable amount, howeter cannot be 
accounted for Weiss and Hatcher (1927) 
beliete that the liver destroys the greater 
part of an intravenous dose Dotermina 
tions of the quinine content of human blood 
after intravenous quinine therapv j,ive re 
suits consistent vnth the above mentioned 
experimental findings Hatcher and Gold 
(1927), for example found on ]7 traces of 
quinine m bO ce of blood after the intra 
venous administration of 650 mg of quinine 
hydrochloride 

A dftail of the pharmacaloijy has to do 
with the effect of qumme or qumidine 
when Riven intravenously Such a proce 
dure is rarely necessary According to 
JIaxey (1028) such a route of adramistra 
tion has per « no superiority over the oral 
one and should be reserved for occasions 
when oral admimstration is impossible 
When qumme or qumidine is given mtra 
venously there olway a results a fall m blood 
pressure dne m part to a depression and 
weakening of the heart muscle and m part 
to a dilatation of blood vessels The degree 
of fall is m part dependent on the concen 
tration of the solution and in part on the 
rapidity of injection Such an injection 
should therefore be earned out very slowly 
and should be of a well diluted solution 
The statement is commonly made that in 
jeotions of epinephrine may be used to 
counteract the circulatory depression It 
does not seem to be widely known that one 
of the characteristic actions of qoiniue and 
qvunvdnie is to antagonize the pressor effects 
of epinephrine so that it is very much less 
effective under these circumstances than is 
normally the case (Nelson 1927b) 

Another point of practical concern in the 
pharmacology of qumme is its action upon 
the pregnant uterus It is eomtoonly he 
lieved to be hazardous to adniini-ter 
qumme to a pregnant patient Further 
quimne is credited with being an effective 
oxytocic substance and is often used by 
obstetricians for its stimulatmg action upon 


the uterus Whether such an ac*m 
actually exists may be questioned Be 
cently Reed (1940) has reiterated the new 
previously expressed by others that the 
danger from miscarriage in untreated 
malaria is greater than the likelihood of 
stimulation of the uterus to evacuation br 
the use of quinine This reviewer speaking 
as a pharmacologist and not as a clinician 
has long felt that the oxytocic action of 
qumme was very much overestimated. 
There still remains however the possibility 
of injorv to the fetus m utcro bv ^e admin 
istration of qumme 

There are a number of preparations of 
quinine available differing chiefly in then 
solubility This matter of solubility prob- 
ably modifies the taste more than it does 
the rate of absorption The preparation 
that has had the most extensive use in the 
United States la the sulfate whichtearela 
tivelv insoluble form (3 gm in 810 cc water 
at 25* C) Clinical experience certainly 
indicates that U is absorbed fairly readily 
and promptly Qumme the base is only 
half os soluble as the sulfate and is eon 
siderably Jess bitter The tannate and 
cthy I carbonate are stiU less solnble and 
praeljcallj tasteless Thev make a satisfac 
ton dosage form for admmistration to ch3 
dteo For mtravenous administration 
there arc three soluble preparations avail 
able qumme dihydroehloride quinine and 
urea hydrochloride and the NF ampul® 
of qumme hydrochloride and urethane 
Since the size and frequency of dosag** and 
the duration of treatment ate taken up else- 
where m this volume they will not be con 
Sidered here 

Cinchona and its alkaloids have long 
playM a most important role m the attack 
upon malaria 'While the drug docs not 
meet every requirement of modern medi 
ciae it still remains one of the most power 
fu! weapon? in the physician s armamen 
tarium and certainly is not to be discarded 
until more effective substances are avail 

able 
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standstUl (Le Heux and de land van 
■Wijndgaarden 1928) In the heart lung 
preparation concentrations as small as 
1 500 000 greatly decrease the ability of the 
heart to overcome increased peripheral re 
sistance and a concentration of 1 50000 
induces diastolic standstill The minimal 
concentrations causing such an effect are for 
plasmochm 1 2000 for atahrine 1 500 
and for quinine 1 300 Plasmodun in 
small concentrations causes vasoconstnc 
tion m large concentrations vasodilatation 
in the frog s leg rahhit e ear coronary and 
pulmonary vessels It lowers the blood 
pressure primarily due to a direct effect 
on the heart In a comparison of plas 
mochm with atabrme and quinine m the 
electrocardiogram of man and dog sU three 
drugs were found to be negative chrono 
tropic and negative dromotropic All 
three cause in the isolated monkey heart 
irregular beat and diastolic standstill (de 
Langen and Storm. 1935) In contrast to 
quinine which in submaximal doses in 
creates the minute volume and does not 
affect the vasomotor center both plas 
mochm and atabrme in comparable doses 
decrease the minute volume and impair 
the function of the vasomotor center 
The pharmacological effects of plasmochm 
on other organs or organ systems are not 
pronounced It does not alter the diuresis 
(Le Heux and de land van ^ijndgaarden 
1928) and up tosublethaldoses doesuotm 
ffuence experimental fever such an induced 
by the injection of BactUvs coh or puncture 
of the temperature regulating center in the 
midbrain (Girndt 1929) E>en if injected 
into the brain or directly applied to the 
temperature center it lowers the body tern 
perature only for the duration of the 
severe toxic effects 

Plasmochm is probably rapidly absorbed 
from and not to any great extent destn^ed 
in the gastro-mtestmal tract since the 
toxic signs follow very rapidly its peroral 
aduiiuistration It appears m the nrme 
within 20 minutes after administration but 
the amount excreted is only small eg of 
a total of 127 5 mg administered only 2 
rog were excreted durmg the first 2 davs 


probably it is quickly destroyed m the 
tissues 

Atabrinb 

Atabrme was synthesized in 1933 by 
Mietzch and Mauss It la an acridin dye 
of the formula 2 methoxy 6 cWoro 9 a di 
ethvlammo 8 pentylammoacridm and is 
structurally not related to quinine It is a 
powder of light > tllovnsh color with a M P 
of 245-255* C In nputral solution it is 
readily water soluble at room temperature 
up to 2 5 per cent at 40 0 up to 7 per cent 
In ultraviolet light it shows a strong 
fluorescence which is easily detectable in 
aqueous solutions up to 1 part in a million 
In its antimalarial action it resembles 
quinine far more than plasmochm having 
the pronounced antischizontic effect of the 
fomet and lacking the gametocidal effect 
of the latter (Kikuth and Oiovannola 
1933) Its activity m proteosoma infected 
canaries is about 4 times greater than that 
of quinine but 15 times less than that of 
plasmochm Its chemotherapeutic index 
IS 1 30 the same as that of plasmochm 
The toxicity of atabrme vanes consider 
ably with different species and with the 
mode of administration ranging from 200 
mg per kg m cats and mice to 500 mg 
per kg m rabbits (Koyu 1937 Hecht 
1933) Particularly noteworthy is the great 
variation in toxicity with different meth 
ods of administration Thus the intra 
venous lethal dose is 20 to 40 times smaller 
than the peroral depending greatly upon 
the rate of injection (Dawson Gingrich and 
Hollar 193j) e g intravenous injection of 
*> mg per kg to dogs over 30 to 60 seconds 
resulted in the death of 21 per cent of the 
animals while a similar injection of an even 
greater do e (75 mg per kg) but over a 
period of 60 to 90 seconds caused only 4 & 
per cent deaths Because of the marked 
increase in toxicity upon intravenous in 
jeetion it has been suggested that for thera 
peutie purposes this mode of admimstra 
tion should be avoided except in emer 
geneies The cumulative effect of atahrine 
and its very slow and prolonged excretion 
are additional factors which suggest caution 



262 


UAZiARU 


parasites which are necessary for the 
propagation of the disease in the earner mos- 
quito Howe\er the fact that the admmis 
tration of plasmochin is safe only under 
constant medical aupemsion presents a 
serious obstacle to this form of malarial con 
trol Unlike as m quinine prophjlaxis it 
seems generally agreed that the adininistra 
tion of plasmochin must be restneted to 
patients \^ho can be seen regularly by a 
physician 

Toxicxtxf The toxicity of plasmochin 
has been in%estigated in most laboratory 
animals (LeHeui and ran Wijndgaarden 
1929, Tskimanaun 1931) It varies con 
siderably with the species not only quan 
titatively but also qo^itatiAcly Two forms 
of symptoms are generall} obsened one 
with an acute onset of the toxic signs shortly 
after administration of the drug and a pre 
ponderance of nervous circulatory and 
respiratory disturbances the other a more 
delayed tjpe with cyanosis methemoglo- 
binenua and eventual respiratory failure 
The acute type prevails m rabbits and 
canaries while in mice, cats and dogs more 
often the delayed type is found animals 
which ha^e recovered from the shock un 
mediately following administration of a 
lethal dose of plasmochin may still succumb 
several hours or even daj-s later from 
methemoglobinemia This is particularly 
the case after peroral admmistration of 
the drug 

The difference between the peroral sub 
cutaneous and intravenous toxicity of 
plasmochin is not very great except in the 
rabbit for which the peroral toxic dose is 
60 to 70 times the subcutaneous 5 to 6 times 
larger than the mtravenous Prolonged 
intravenous or subcutaneous administration 
of plasmochin m therapeutic doses causes 
no pronounced toxic eff^ts (Tskimanaun 
1931) After the first few doses the am 
mats show a temporary loss of weight which 
however later becomes stabilized Com 
bmation of plasmochin with quinine 
(known as Quinoplasmm or plasmochinnm 
compositum) which has often been advo 
cated in order to improve the therapeutie 
effectiveness, does not change the toxici^ 


of plasmochin (Le Heux and de Lind van 
Wijndgaarden 1928) 

The pathological findings in animals dy 
ing from excessive doses of plasmochin are 
unspecific and due mainly to the methemo- 
globinemia They consist of a brownish 
discoloration of the lungs muscle omentum, 
and mucous membranes In dogs cats and 
canaries the intestines are hyperemic and 
the blood vessels of the adbonunal region 
are markedly dilated 
The formation of methemoglobin is one 
of the most pronounced toxic effects of 
plasmochin It occurs in man after daily 
administration of 0 08-0 1 mg (Fischer 
and Rheindorf 1928) and is readily ob- 
served ID most animal species (horses cows, 
sheep pigs cats dogs) with the exception 
of rabbits and mice m which it occurs only 
after the blood has been hemolyzed (Le 
Heux and deLind van Wijndgaarden 1920) 
The minimal blood concentration of plas- 
mochin causing methemoglobin formation 
jsl 12500 meats and dogs 2 IfiOOiarsb- 
bits In the latter peroral doses of 6 mg 
per kg convert up to 7 per cent 22 mg 
per kg up to 40 per cent of the total hemo- 
globm into methemoglobin (Messmi 1928} 
However the methemoglobin formation is 
reversible in imo as well as in utro (Le 
Heux and de Lind van VTijadgaarden 1928) 
all signs disappear after discontinuation of 
the drug (Messim 1928) and the process is 
not associated with an increased destruc 
tion of erj-throevtes or damage of the liver 
as evidenced by negative bilirubin and 
urobilinogen tests even at the height of the 
methemoglobinemia Plasmochin in con 
centrations greater than 1 5000 causes 
hemolysis in vitro (Le Heux and de Lind 
van Wijndgaarden 192S) 

The effect of plasmochin on the blood 
pigments is not its only toxic property 
Par more serious is its adverse effect upon 
the circulatory system which is found in all 
species including man and which may be 
observed in the isolated organs as well as 
i« sila In the isolated frog and rab 
bit s heart concentrations of 1 250 000 up 
to 1 1 million induce irregular beat 
1 100000 causes an irreversible diastoho 
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After 10 successive daily peroral admin 
istrations of 50 mg per kg to dogs tie 
maximal concentrations were found in the 
spleen. (275 mg per gram) the kidney 
(2 5 mg per gram) and the liver (2 mg 
per gram) the minimal in the skin (0 11 
mg per gram) the muscle (0 07 mg per 
gram) and the brain (0 035 mg per gram) 
Three vieeks after a course of 5 daily 
intravenous administrations the largest 
amounts were in the lungs (008 mg per 
gram) the liver (0 01 mg per kg) the 
kidney (0 004 mg per gram) and the spleen 
(0 0025 mg per gram) The organs in 
which the greatest amount is deposited 
vary with the mode of administration 
Thus the proportion of the atabrine con 
tent in lungs kidnejs and liver is after 
intravenous injection 3 2 1 whereas after 
peroral administration this proportion 
changes to 1 1 10 

The pharmacological effects of thera 
peutio doses of atabrine on various organs 
and organ systems are not characteristic 
Toxic doses affect the central nervous sys 
tem causing clonic eonviiUions and depress 
the respiratory and circulatory systems 
The blood pressure is lowered (Koyu 
1937) general vasodilatation takes place 
and the electrocardiogram shows after ad 
mmistration of small doses slight changes 
in rhythm and a disturbance m the atrio 
ventricular conductivity large doses induce 
paroxysmal tachycardia 2 1 heart bloc 
ventricular flutter and fibrillation (Motta 
1937) In the isolated monkey heart 
atabnne dilates the coronary vessels and 
causes extraaj stoles and rhythmic disturb 
ances (Storm 1935) which respond favor 
ablj to intravenous injection of adrenalin 
Since a similar beneficial effect of adrenalin 
13 observed in the heart tn situ (Storm 
1935) it has been recommended that when 
ever atabnne is injected intravenously 
adrenalin should be added to the injection 
fluid in a ratio of 05 ce of the standard 
1 1000 solution of adrenalin to each cc 
of a 3 per cent solution of atabnne An 
additional advantage of such a combma 
tioa IS the vasoconstrictor effect of ad 


renalin on the spleen which aids in the 
mobilization of hidden parasites 

Atabnne exerts a moderately strong anti 
pjretic effect on experimental fever pro 
dneed by the injection of B coh in the cat 

01 gm per kg lowers the temperature by 
06 to 09 C the lowest point being reached 

2 hours after the peroral administration 
Smaller doses cause occasionally transitorj 
hyperthermia 

The effect of atabnne on the uterus has 
been investigated in the isolated organ as 
well as tn situ in pregnant and non preg 
nant guinea pigs rabbits and cats (Sapeika 
1934) In the isolated organ concentra 
tiODs of 1 200 000 increase the muscular 
tone and frequency of contraction while 
1 20000 decreases both and renders the 
uterus irresponsive to adrenalin piloear 
pine and barium chloride Intravenous 
mjection of 1 to 4 mg per kg in a preg 
nant cat is followed by a gradual increase 
of utenne contractions which however 
return to the norm after a few minutes 
Since these doses are proportionately many 
times larger than those administered for 
therapeutic purposes in man and since 
furthermore the latter are by mouth 
and not injected intravenously it is gen 
erally felt that in contrast to quinine the 
use of atabrine in pregnancy is not contra 
indicated 

It would seem justified to limit a discus 
Sion of effective antimalarials to the 
quinine plasmochin and atabnne group 
Optimal therapeutic results may be ob 
tamed with these and the great number of 
other agents still used in the treatment of 
malaria consist either of once popular 
drugs which are prescribed through force 
of habit or of new chemicals in the state 
of eliiucal investigation Although quinine 
and atabnne control effectively the sehiz 
onts of the malarial parasites and plas- 
mochin IS equally effective as a gametocide 
in P falciparum infection none of them 
can be regarded as a true chemoprophylac 
tic agent The ideal antimalarial still has 
to be found and it is therefore obvious that 
every new chemotherapeutic agent is being 
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jn its administration Atabrine has been 
fonnd in the urine of patients as late as 9 
weeks after the termination of the course of 
treatments (Roehl 1926) and it has there 
fore been suggested that treatment should 
not be repeated within an intena! of less 
than 8 weeks and that the total amount 
gn en in anj one period of treatment should 
not exceed 2 gm (0 3 gm per daj ) 

Cumulatne effects hare been obscned in 
animals (Martin Commole and Clark 1939, 
Da^vson et al 193o) Thus, with a single 
peroral administration the lethal dose of 
atabrine in dogs was 300 mg per tg but 
a dose of 100 mg per kg was fatal when 
administered dailj o\er 15 to 27 dajs and 
even a dose as small as 10 mg per kg re 
suited in a loss of weight in all dogs 

The signs of atabrine poisoning are 
anorexia salivation vomiting epigastric 
pam of cohekj type occasional headache 
and yellowing of the skm (the latter due 
to the staining properties of the drug and 
not to liver damage (Kingsbury 1934)) 
Occasionally psychic disturbances have hMo 
reported after administration of relatively 
small therapeutic doses (6 to IS tablets) 
starting within to 9 dajs after initiation 
of the treatment and lasting up to several 
days However while m these cases the 
mental disturbances were sufficiently severe 
to necessitate hospitalization in a mental 
asylum the frequency as well as the danger 
of this complication is rather small (Craig 
1939) The cause of this side effect which 
IS not found with other antimalarials is 
not yet definitelj established it may be due 
to a direct effect of the drug on the brain 
or to an increased liberation of parasitic 
toxins during the first few days of treat 
ment 

The pathological findmgs m atabrme 
poisoning consist of a marked hyperemia 
and toxic central injury to the liver and a 
fatty degeneration of the renal tubules 

In liver and kidney function tests on 
dogs it was found (Clark Cominole and 
Martin 1939) that the degree of liver im 
pairment depends upon the dose and the 
length of administration The kidney fnnc 
tion tested by nrea clearance non protein 


nitrogen m blood and phenolsulphonphtha 
lein showed no evidence of damage m 11 
ont of 12 dogs after daily administration 
of 17 to 66 per cent of the mmimnm lethal 
dose for a period up to 40 dajs 

In experiments with the ‘Warburg 
method on isolated brain and testicular 
tissue atabrine did not depress the oxjgen 
consumption indicating that it is not a 
general protoplasma poison Unlike plas 
mochm it does not cause methemoglobm 
formation or hemoljsis in lUro or in tuo 
(Hecht 1933) 

Atabrine is rapidly absorbed from the 
gastrointestinal tract and withm a few 
minutes after admmistration is found 
esenly distributed over the body tissues 
(Hecht 1936) After 2J hours a greater 
concentration is found m the liver gall 
bladder and intestines and it accumulates 
subsequently in the duodenum and upper 
ileum while only little is found m the lower 
portion of the small intestine and m the 
feces After 5 days it is still detectable in 
the gall bladder and upper portion of the 
gastrointestmal tract and it requires 7 to 6 
days before the last traces disappear from 
all organs The aecumnlation of atabrine 
m the liver offers an explanation for the 
great difference between the peroral and 
intravenous toxici^ (Blaze and Simeons 
1935) Atabrine is probably selectively 
adsorbed by the erythrocytes and parasites, 
smce It has been shown (Fischl and Smger 
1934) that even washing with alcohol fails 
to extract it completely from blood 
Atabrine is only occasionally found in 
the cerebrospinal fiuid and appears m the 
brain only after injection of lethal doses 
It IS excreted in part m chemically un 
changed form the amounts present m the 
nrme and feces are about of the same order 
of magnitude After discontinuation of 
the administration the excretion drops to 
a low level which is maintained for several 
days (Tropp and Weiss 1933) 

The distribution of atabrine in various 
body fiuids and tissues has been studied in 
cats dogs and rabbits with an extremely 
sensitive method capable of detecting 05 
micrograms in 1 gram organ (Hecht 1936) 
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ciemotherapeutic properties because of of the bird malaria test has been subjected 
decomposition of the actise principle or to a pharmacological analjsis which today 
lack of proper pharmacological techntqoe eonld be regarded as adequate It may 
Almost none of the hundreds of alkaloids therefore be justified to expect unforeseen 
and glucosides isolated from tropical plants and valuable results from a thorough rein 
during the period prior to the introduction vestigation of this field 
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tried m malarial infections Heth>leQe duration of the protection did not exceed 
blue inorganic and organic arsemcals 32 hours these findings have no practical 
acridm dyes, bismuth preparations anti significance and are important only from 
mony compounds have all been used xnth a theoretical viewpoint because they repre 
some degree of success However, none of sent the first instance of a chemopropby 
them approaches m efficacy and safety the lactic efifect in man with a non toxic dose 


performance of the specific antimalarials 
previously discussed and interest m them 
today IS only histone 
The situation is different with chemo- 
therapeutic agents belonging to the so- 
called organic sulfur compounds This 
group of which prontosil was the first rep- 
resentative consist now of thousands of 
synthetic compounds among which sulf 
apyndme sulfanilamide and sulfathiazole 
are the best known Some of its members 
have been tried m the therapy and prophy 
laxis of malaria but no definite conclusions 
as to their nsefulness in this field hare as 
yet been reached While none of the com 
pounds 80 far mvestigated compared favor 
ably with quinine plasmochm or atabnne 
the number of those which have undergone 
sufficient trials is still very limited Cer 
tain experimental and cluneal findmgsseem 
to justify a systematic investigation of this 
group particularly for its value in chemo- 
prophylaxis Kot only have favorable dim 
cal results been reported following the use 
of sulfonamide compounds in tertian quar 
tan and P falciparum malaria (de Leon 
1937 HiU and Goodwin 1937, van der 
Widen 1937 Chopra, Hayter and Sen 
1939 Chopra Das Gupta Sen and Hayter 
1939 Farmaud and Bsgiot 1939), but it 
has been shown that sulfapyridine destroys 
the sexual as well as the asexual forms of 
P vitax and that no relapses of the patients 
occur after treatment vnth large doses of 
ftiig drug In simian malaria sulfanilamide 
(Coggeshall 1938c) soluseptazine (Chopra 
and Das Gupta 1938) qnd sulfapyridine 
(Chopra and Das Gupta '1939) were found 
to possess not only curative hut also pro 
phylactic value For Soluseptazine the 
latter property has also been reported in 
man (Smton Hutton and Shute 193a) 
However smee m these experiments the 
prophylactic dose was rather large and the 


of an antimalanal Although successful 
experiments along similar Imes have been 
reported with plasmochm (James 1937) 
the doses required were distmcUy in the 
toxic range 

In view of the fact that effective prophy 
iaxjs IS the goal of all malarial control and 
that chemoproph} laxis is bound to play one 
of the most important parts m this work, 
the future efforts of research workers will 
probably be directed towards the finding of 
new compounds with prophylactic proper 
ties rather than towards farther modifies 
tions of qumine, plasmochm or atabrme 
which although therapeutically highly 
effective possess no chemoprophyUctio 
properties This work wUl necessitate not 
only the most careful investigation of pos 
Sible damages produced by very prolonged 
administration but also the development 
of a dependable and practical method 
for the testmg of prophylactic properties 
Whether orgamc synthesis will provide us 
with the new agents or whether they will 
be isolated from one of the many plants 
used m the native tropical medicine such 
as Oelipea jasmtmflora (Peckolt 1899a), 
Tachia guanensis (Peckolt 1899b), Selt- 
anfhus (Danzel 1929) etc onlj future 
research will show Up to this time only 
the synthetic compounds belonging to the 
sulfanilamide group have offered some 
promise but it must be remembered that 
the great majority of tropical plants has 
not yet been inv estigated except m a super 
ficial and incomplete manner Existing 
reports are usually many years old and 
based on questionable statements collected 
from natives by explorers who themselves 
were laymen m the fields of pharmacology 
and medicme Pharmacological analyses 
have been carried out either with made 
quate methods or imder conditions which 
do not exclude the possibility of nussmg 
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placed m the side arm of the flask 'which is 
thea connected with the manometer and 
shaken in a water bath at 37 C The oxy 
gen uptake is measured for an hour in order 
to be sure that all flasks have the same rate 
of respiration The drug is then tipped in 
from the sidearm and the respiration mea 
sured for an hour with two flasks without 
drug as control The oxygen uptakes are 
calculated per hundred million parasites so 
that all experiments are comparable The 
difference between the oxygen uptake m the 
control flask and in the drug flask divided 
by the uptake of the control flask gives a 
percentage coefficient of inhibition for the 
drug used 

Results of representative experiments 
are shown m Table I Here it is seen that 


and sulfadiazme which also produce 
steniization of the infection in the host 
produce no inhibition of respiration in 
wfro This 13 to be expected from the 
nature of the two compounds Sulfadia 
zme 18 insoluble only 12 mg per 100 ec 
diasolvmg at 37 C and therefore would 
not be expected to show activity tn intro 
In the monkey it is apparently converted 
into a soluble derivative since the effect is 
just as great as that of sodium sulfatbia 
zole or sulfanilamide Prontosil is a com 
plei azo dye of which the sulfanilamide 
molecule is a part In infro it has no activ 
ity tn vivo it is converted into sulfanila 
mide (Trefouel 1935 et al Fuller 1937) 
and is fully as effective as this drug 
Further experiments summarized m 
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0001 M quinine dihjdrochlondc inhibits 
the respiration of P knoulesi from 35 to 
36 per cent 0 001 M atabrine produces 67 
to 71 per cent inhibition The inhibition 
produced by sodium sulfathiazole (40 to 
49 per cent) is approximatelj the same as 
that produced by sodium sulfapyndme 
(44 per cent) both these drugs produce 
complete sterilization of the infection in 
the rhesus monkey However prontosil 


Table II show the effect of 0 01 M sodium 
sulfathiazole against various plasmodia It 
li seen that the inhibition of respiration 
produced for P iwui and P evnomof^t is 
58 and 50 to 51 per cent respectively which 
is greater than the inhibition produced for 
P ftnotolesi This is m contrast to the 
activity of the drug against the three infec 
turns »w vno It sterilizes P knoulesx 
infections completely but when given in 
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HEW TOBK 


pBESsENT methods of malarial control are 
inapjilieable in many regions of the world 
becaiise ot the high cost of antimosqmto or 
aatilar^dl measures In these areas the use 
of antimalanal drugs probably constitutes 
the Only practical control measure Clark 
and his associates in Panama {J940) hare 
shown that the intensive and wdcipread 
use of quinine and atabnne orer a period 
of 9 years has not significantly altered the 
incidence of malaria indeed an epidemic 
occurred during the 9th jear of the studs 
There is no question of the salue of qumine 
or atabrme from the point of view of the 
individual with acute malaria However 
from the broader aspect of the control of 
malaria as a world problem antimalarial 
drugs bare been deficient 

The failure of drug control of malaria 
IS attributable principally to two well rec 
ognued limitations (1) The present anti 
malarial drugs do not bare any specific 
prophj lactic action against the sporozoite 
(2) They do not alwajs sterilize the acute 
or chronic infection This permits the oc 
currence of clinical and parasitic relapses 
and the accumulation of large reservoirs of 
carriers who are periodically infec-tive for 
mosquitoes 

It IS possible that a drug supcnor m 
either respect to qumine plasmochio or 
atabrme would be more efficient in malarial 
control Further research in malarial 
chemotherapy is desirable m the hope of 
discovering such a drug Several consid 
erations as to the best procedure are appar 
cut First manj thousand quinoline and 
acndine derivatives have already been syn 
tbesised and tested in the research which 
led to the discovery of plasmoehiu and 
atabrme These latter drugs together with 
Qumme may be regarded as the best of 
their type Further testing of related 
chemicals does not offer much hope of sne 


cess Accordingly the best method of 
approach is the routine testing of unrelated 
chemicals until one is discovered which has 
an effect on either the sporozoite tropho- 
zoite or gametocj^e The onlv require 
ment known for a potential antimalanal 
drug IS that it must be able to penetrate 
the red cell as suggested by Hegner et al 
(1928) and Shaw (1928) "When some de 
gree of activity has been found in a com 
pound all its derivatives can then be inves- 
tigated t/p to this point however the 
work must be more or less empirical No 
completely rational selection of chemicals 
IS possible because the mode of action is not 
known for any chemotherapeutic agent 
Methods available for testing anti 
malarial drugs are as follows 

1 /a tilfo tnting 
> £xi>enBieDtal malaria 
a Moolier malana 
b Caaary mabna 
e Cliick malana 
3 Bateau malatia 

a. Autochthonous isfoctions 
b lodueed lafechoss In yaratiM 

1 In Vitro Testing 
Because of the expense and difficulty of 
usmg large numbers of animals a reliable 
*n Vitro test would greatly faulitate the 
testing of drugs Fulton and Christophers 
(1938) found that gumme and atabrme 
produced inhibition of respiration of P 
Anoulest as measured in a "VTaTburg ma 
nometer This method was studied as a 
means of evaluating potential antimalar al 
drugs (Coggeshall and Maier 1941) One 
cc of blood from a heanJy infected monkey 
is placed m a conical "Warburg flask with 2 
cc of M/15 phosphate buffer pS 7 35 An 
accurately weighed sample (10 to 20 mg) of 
the drug to be tested dissolved or sus 
pended in 05 ee of Ringer s solution is 
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jmt as only virulent atrains of hemolytic 
streptococci are susceptible to snlfanda 
nude 

P eynomolgi produces a milder mieclion 
in the rhesus monkej never fatal in oar 
experience and charaeterued by a chronic 
course of long duration with a few para 
sites (2 to 10 per 10000 red cells) almost 
constantly in the circulating blood over a 
period of months P tnin produces the 
same tvpe of infection but of shorter dura 
tion P ci/no»no?ff» can he transmitted by 
A qxiadnmaeulatus which makes it possi 
hie to test drugs for effect on the sporo- 
zoites of this parasite These parasites are 
much less susceptible to sulfanamide and 
Its denvatues than is P knontest By giv 
lag 0 5 gm intrapentoneally and 1 0 gm by 
mouth on 2 successive days it is osually 
possible to free the blood temporarily of 
cvteul&ting parasites which however re 
appear in about 2 weeks so that there is 
no sterilization comparable to that achieved 
with P knovileat With P cynomolgt and 
P tnui infections sterilization is the only 
reliable criterion on which to evaluat* a 
drug inasmuch as the course of the lofec 
tion 13 so variable For this reason they 
are less satisfactoty for chemotherapeutic 
testing than P knoulesi infections where 
protection from death can be regarded as 
demonstrating the effect of a drug 
b Canary malaria Canaries are more 
satisfactorj for the routine testing of la^e 
numbers of new drugs of unknown toxicity 
The Hartman strain of P cothememm 
produces a standardized type of infection 
to which normal canaries are uniformly 
susceptible The acute infection results m 
parasite counts of V4r}iDg height and maj 
progress to death or to a ctva\^ after wladi 
parasites disappear from the blood stream 
Withm 1 or 2 daj-s Because the behavior 
of a given acute infection cannot be pre 
dieted or controlled we do not use its re 
spoi^ to treatmeut m the evaluation of the 
effectivene'is of a dmg Increase in the 
incubation period of the infection with 
retarded appearance of the parasites m the 
blood stream is a better index uneomph 


cated by factors of iromunitj as suggested 
by KoeW (1926) Birds are inoculated m 
the pectoral muscle with 0 02 rc of blood 
from a heavily infected canary (parasite 
count 1000 per 10 000 red cells or more) 
Parasites first appear m the circulating 
blood in 8 to 5 daj s Solutions or suspen 
sums of drugs to be tested are fed by stotn 
ach tube (No 9 soft robber catheter at 
tached to a tuberculin syringe) for 6 days 
beginning on the dai of inoculation. 
Delay in the time of appearance of the 
parasites is taken as a measure of effective 
ness against the parasite Quinine dihydro 
chloride (2 mg per day per bird) when 
given m this manner will delay the meu 
button period to 15 dais or more Birds 
treated with atabnne (1 mg per day per 
bird) or piasmochin (2 mg per day per 
bird) usuaDy fail to show circulating para 
sites for periods up to a month which u 
as far as experiments have been earned 
Such birds m several eases were success 
fully remoeulated proving that they had 
been protected against the infection com 
pletelv 

It 15 also readily possible to obtain sporo* 
zoites of P cathemtrium from CuUx 
ptptens m order to test drugs for prophj 
lactic action 

Sodium sulfatbiaiole given in very large 
dosps (625 mg per day per bird) failed 
to prolong the incubation period over that 
of the controls In addition the parasite 
count rose to levels as high as those found 
m the controls P ealJiewierniw seems to 
resemble human plasmodia closely in its 
behavior toward drugs and should be a 
more reliable guide xn chemo’herapeudi, 
testing than P knowlt^i seems to be This 
» ttnothw reason why canary testing is 
superior to monkey testing 

c Ck\ck malaria P lophurac is the 
only parasite available which is infectious 
for chicks It has not been extensively 
used m chemotherapeulie tests because of 
the variability and short duration of the 
infection and the necessity for mtracar 
diac or intravenous inoculation Wolfson 
(1910) has stated that ducks an very sus 
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0^o effect 
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the sfliQO dosage and the same manner to 
znonhe^s with P eynomolgiorP tnuiinfec 
tions it produces only a temporaiy duninu 
tion in Humber of circalating parasites 
without sterilization 
Sodium sulfathiazole also produces inhi 
bition of respiration of P eathemenum (3$ 
per cent) and P lophurae (22 per cent) 
It has no demonstrable effect on the infec 
ticns produced by these parasites la ca 
nanes and chickens respectively 
It can be stated therefore that lobibi 
tion of m vitro respiration cannot be used 
as a sole guide to the chemotherapeutic 
efficiency of a drug but should be used only 
in conjunction with other information 
The m vifro method is valuable for com 
paring the effectiveness of closelj related 
compounds m a senes However its use 
fulness is limited to relatnelj soluble 
chemicals of simple structure active m 
their original form and not converted from 
an mactue to an active form m the body 
Since the mode of action of sulfanilamide 
and its derivatives is not known there la 
no explanation of the lack of correlation 
between the marked j» vitro effect on the 
respiration of P intaandP ci/nomolfft and 
the slight in vivo effect Similarlj there 


IS no explanation for the complete lack of 
effect of sodium sulfathiazole upon P 
eathemenum and P lophurae infect ons 
although the drug inhibits the respiration 
of both parasites in vitro It can only be 
said that some factor other than a direct 
effect of drug on parasite as evidenced by 
inhibition of respiration is responsible for 
the sterilization of P knotclesi infections 

2 Experimental Malaria 
It IS apparent from these facts that in 
tttfo testing IS necessary to exclude mactive 
drugs and to give some indication of the 
activity of effective drugs to be tested 
further Of the common laboratory am 
mah rhesus monke%*s canaries and chicks 
are available for testing purposes 
a ilonhey malaria Three plasmodia 
which are infectious for monkeys are avail 
able Of these P hnowlesi is the best for 
drug testing because of the highly stand 
ardized type of infection which it produces 
It C4DSCS death m 5 to 6 days from the tune 
of appearance of circulating parasites m 
over 09 per cent of normal animals Hence 
any animal which lives after being given a 
drug can be said to have been protected by 
that drug within a Very small margin of 
error Sulfanilamide was shown by Cog 
geshall {1938b) to sterilize P Inoulesi 
infections in rhesus monkeys Since then 
sulfathiazole sulfapyridme prontosil neo- 
pronlosil and sulfadiazine have been 
shown to be equally effective The only 
sulfanilamide derivative which has not 
produced complete sterilization of this in 
fection has been qnmine sulfanilamide 
bisulfate Its failure is probabh due to 
the fact that onlv 28 per cent of the mole 
cole 13 sulfanilamide and doses large 
enough to include the neces. ary amount of 
sulfanilamide are fatal 

There la no indication that any of these 
drugs have any significant effect on human 
matana There is apparently some charac 
tenstic peculiar to P knoulesi which ren 
ders it susceptible to sulfanilamide and 
allied compounds Perhaps the fact that it 
IS one of the most virulent of the malarias 
makes it more readily affected by a drug 
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It is probably true that anU mosquito 
measures are the most efScient methods of 
malaria cootrol but m man^ instaacea their 
cost has been prohibitive particularly if it 
18 necessary to apply them la rural areas in 
the tropics where economic resources are 
low and the cost per capita of the measures 
would be hiph Considerable work m at 
temptmg to control malaria m rural native 
populations has been done by British work 
ers in India Iifalaya and other parts of the 
East and by the Italians in Italy using 
anti malarial drugs alone or m combination 
with anti mosquito measures We have 
been interested in the possibilities of drug 
control of malaria without the use of anti 
mosquito measures for two reasons it seems 
logical to assume that a great reduction in 
the number of infected mosquitoes might 
foUow a reduction in the malarial parasite 
rate by means of drugs administered to a 
given population and we wished to invest! 
gate the possibilities of the newer synthetic 
anti malarial drugs under conditions which 
made outlajs for mosquito control measures 
impossible 

In 1929 the Republic of Panama granted 
us the privilege for an indefinite period of 
using some villages located near the middle 
of the Chagres River basin for an experi 
ment in drug control of malaria At the 
beginning of our investigations the towns 
selected had no means of communication 
with the outside world except by small dng 
out canoes propelled by paddle and pole 


The houses of the v illagers were of the usual 
tvpe conunon in the tropics with thatched 
roof side walls of ane and dirt floor The 
villages were located along the river banks 
just above flood level There was no sani 
tatioii water for drinking and cooking was 
obtained from the river which was also 
used for bathing and laundering There 
was no local medical attention and no drugs 
were available in any of the tovras The 
nver with its small branches and many 
shallow lagoons filled with aquatic vegeta 
tiOD provided large breeding areas for the 
larvae of anopheline mosquitoes These vil 
lages could be reached from our laboratory 
m Panama City m about one and one half 
hours by automobile and outboard motor 
boat 

At the beginning of our experiment we 
knew that two large scale construction proj 
ects would soon be under way near the m 1 
lages owe of which was the Madden Dam 
across the Chagres River some few miles 
above the villages and the other of which 
was the Madden Highwav from Panama 
CiQr to Madden Dam a distance of about 
24 miles The imminence of these projects 
and the probability that other changes 
would take place in the towns themselves 
such as the installation of latrines better 
scbools and the introduction of our own 
medical service made them especially suit 
able for long continued observation "We 
have limited our experiment to 10 succes 
sive years of observations The towns se 
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ceptible to this parasite which would over 
come the difficulties encountered with 
chicks 

3 Human JIalaru 

In testing a drug which has been found 
to be effective against one or more of the 
experimental malarial infections field trials 
m endemic or epidemic areas while difficult 
to control, are nevertheless probabl> more 
satisfactory than tests against induced in 
fections in paretics Induced infections are 
frequentlj more sensitive to the effect of 
drugs than are naturallj occurring infec 
tions In addition it seems unjustifiable to 
test a drug early in an induced infection m 
a paretic because if the malaria is inter 
rupted the patient may be deprived of the 
beneficial effect of the malaria upon an 
otherwise fatal disease If one waits until 
the paretic has completed the therapeutic 


eonme of the infection it is difficult to 
evaluate the effect of a drug because of the 
possibility of spontaneous termination of 
the malaria 

On the other hand paretics are suitable 
for the testing of the prophylactic effect of 
drugs which are believed to have a direct 
effect on the sporozoite If the drug is in 
effective the patient develops malaria with 
out delay, if it proves effective and he is 
protected against the disease be can be 
reinoculated with trophozoites In addi 
tion when testing prophvlactic effect on 
therapeutic malaria all necessary controls 
such as remoculatiou with sporozoites or 
trophozoites are possible Field experi 
ments could not of course be controlled m 
this manner and such factors as immunity 
due to pre-existing infection could not 
always be ruled out 
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little affected by atabrme were of course 
present in many eases 
Durmg tie fonrth year (Sept 1933-Aug 
1934) tablets of quinine sulphate 15 grams 
(0 972 gm) a day for 5 days were given to 
positives in New San Juan followed 2 days 
later by plasmoehin simplex 0 01 gm twice 
a day over a succeeding period of 5 days 
Ibe populations of Santa Rosa Qnaya 
babto Oatuncillo and Laa Guacaa were 
treated with atabrme 0 1 gm 3 times a day 
for 5 days followed 2 days later by 5 days 
Course of plastuochin simplex 0 01 gm twice 
a day 

These treatment metboda were continued 
in the towns named up to and including 
August 1940 The town of Agua Clara was 
added to the atabrme plasmoehin treated 
■villages in February 1937 
During the fourth year (Sept 1933- 
Ang 1934) a definite poboy of using non 
medical personnel for the administration of 
the drugs was estabbshed Six native girls 
who were residents of their respective vil 
lagea were selected by the river supervisor 
(an intelligent native man) after consul 
tation with the people of each ■village 
TAB 

CO>EOUDATeD Bteosr od 'VOLAOES BT I 


These nurses ’ were under the direction 
and inspection of a medical member of our 
staff and thus soon succeeded m obtammg 
the necessary cooperation and administered 
the dmgs m a fairly satisfactory manner 
Tleekij inspection tnps to the villages by 
the medical staff made it possible to ex 
amine and treat cases of cbnical malaria 
that developed between the monthly blood 
film surveys 

PRESEKTATION OF DATA 

Por the period from Sept 1930 — Sept 
1940 the monthly and annual malanal 
parasite rates the annual rainfall mci 
denee of malaria by age groups incidence 
of species of parasite numbers of crescent 
carriers and heavy infections the incidence 
of malana m infants records of anophe 
line collections and dissections and the 
relation of all these to the results of treat 
raent can be more easily and briefly pre 
seoted m tables 

Table 1 sho^ws that the malanal parasite 
rate as determined by the monthly blood 
film examinations bears no direct relation 
to the seasonal rainfaU because anopheles 
LEi I 

tONTHS Armrs ako Ceilsuk Coiibinxd 
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lected all lie between the Madden Dam and 
the eastern boundary of the Panama Canal 
Zone and are situated on the banka or 
tributaries of the Chagres Rner The 
to\Tns of Santa Rosa Guajabalito and 
Gatuncillo are on the right (north) bank 
of the river, Las Guacas lies opposite Santa 
Rosa on the left bank, at the junction of the 
Chagres and its Jloja Polio trihutarj This 
latter town is almost surrounded b> water 
full of aquatic vegetation making ideal con 
ditions for anopheles mosquito breeding 
In February J937 the town of Agva Clara 
was added to the number of towns under 
observation This town dates from 3936, 
when a group of people who formerly lived 
on Oatun Lake cleared the jungle from 
several hilltops just across the eastern 
boundary of the Canal Zone at boundarj 
marker No 50 The elevation of this town 
IS about 100 feet and the distance from 
Santa Rosa is about one and one half miles 

During these investigations we used 
chiefly the population located along the 
Madden Highway in the tovms of Chilibre, 
Aguas Buenas, and Buenos Aires as con 
trols These towns are located about 5 miles 
to the south of the left bank of the Chagres 
River and about ISO feet higher than the 
riv er towns 

The populations of just such rural areas 
as these m which our observations were 
made are the sources from which lai^e 
business organizations must draw their 
labor forces 

Survey JIcthods 

Blood parasite surveys made monthly in 
all villages during the ten j ear period have 
been used to measure our results The 
thick film technique of Barber and Komp 
(1929b) has been used throufchout the 
period and the Btainmg and examination 
of the films has been done by experienced 
technicians most of whom have ^en with 
us throughout the experimeut It was 
found that not all the inhabitants of the 
voUages could he surveyed at any one sur 
vey during the mouth, but during the days 
for the period of treatment and during in 
spections, we were able to collect blood films 


from all the permanent inhabitants The 
migratorj habits of some of our people have 
been a source of much inconvenience to ns. 
It was impossible to examine or treat mdi 
viduals adequately who did not reside per 
mancntly in the towns and such persons 
might be undiscovered earners of sexual 
malarial parasites capable of infecting 
mosquitoes 

TRCATifENT Methods 
During the first j ear of our observations 
(Sept 1930-Aug 1031) we used qumine 
sulphate m all villages A native Pana 
manian graduate nurse (assisted by school 
teachers and the corregidors (majors) of 
the villages) was supplied with the list of 
names of those found positive m each 
monthlj gurvej Twentj grams (129grQ) 
of quinine sulphate to each positive per day 
for a period of 30 davs constituted a course 
of treatment during the first year 

During the second year (Sept 1931-AcB 

3932) qumine was used m tie same manner, 
but in addition, plasmochm simplex m 
doses of 0 01 gm twice a week was given to 
all positives in all the villages under treat 
ment except New San Juan 

During the third year (Sept 1932-Aug 

3933) qmnme sulphate was used m tie 
same dosage throughout the year m New 
San Juan but m the four other villages 
under treatment we used quinine sulphate 
during the first 4 months and atabrine 0 1 
gm three times a dav for 5 days from Janu 
arv 19J3 to August 1933 

During this latter period one of us 
(\7 H V? K ) stayed a week during each 
month in the villages and personally ad 
ministered the atahrme to all thos found 
positive in the preceding monthly surveys 
It 13 only during this period that we are 
absolutely sure that the drug was adminis 
tered according to schedule It is well to 
mention that during this period blood films 
were tal en at the completion of treatment 
from all persons who received the drug m 
every case but one these films were negative 
for asexual parasites at the end of the 6 day 
course of atahrme Crescents which are 
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table IV 

FAKABITI IMDEX. TB>BB BUBTR QsODPB AIA* Vn-LAOBB 



1 to 5 EDirejs 

6 to 11 aurveys 

IS aurveys 



No 



No 




Per 

Tears 

No ez 


No er 


No ex 

l.u 



amuied 


pos 

tive 

anuned 

r. 

posi 

tire 

amined 

z; 


1935-36 

789 

IS’ 

19 

379 

197 

52 0 

>.30 

134 

68 2 

1936-37 

603 

133 

"lA 

4 6 

•»30 

54 0 

190 

62 

431 

1937-38 

689 

100 

14 5 

410 

156 

98 0 

171 

63 

36 8 

1938-39 

694 

1 3 

17 7 

383 

15S 

40 5 

14 

61 

43 0 

1939-40 

683 

155 

66 

407 

6 

55 S 

71 

43 

60 6 

T.W. 

3378 

663 

19 3 

1805 

964 

63 4 

804 

383 

47 6 


T1i« uterrsls ire train &ept 1 to Ang 3i of tbo foIlo*u)g year 


has motorboat traDsportataon and ofton 
Tisita all towns even outside of the re^Ur 
treatment penods following blood surveys 
Our medical staff visits the towns on an 
average of 4 tunes a month Yet with all 
these opportunities to collect blood films 
froai those not present on regular survey 
days we found it impossible to secure 
blood films from every individual for 12 
successive months Some of this difScolty 
mav be explained by the habits of the popa 
lation Some of the inhabitants move from 
the towns and others take their places 
others have residences in the tovpus but 
divide tbeir time between these homes and 
their farms which may be several miles 
from the Tillages other persons examined 
are tran lent Tisitors over a period of 
weeLs or months The persons examined 
in 6 to ll surveys and in 12 surveys per 
year a total of 2 609 individuals formed 
the permanent population of the area dur 
mg the period of the survey The re 
mamder 3 378 individuals were transients 
who made satisfactory treatment of the 
persons examined vi^ry difficult because 
their presence m the villages increased the 
chances that mosquitoes would become in 
feetcd for many of them were untreated 
carriers of sexual forms of the malaml 
parasite 

For the past 3 years a steady diminution 
in the population of our towns has been 
taking place However enough inhabi 
tauts remam to show the benefits of dmg 


control of malaria la August 3940 the 
atabrme treated towns had a parasite rate 
of 13 5 per cent the qumine treated town 
a rate of 12 7 per cent the Madden High 
way untreated control group mostly school 
children a rate of 32 7 per cent and Hio 
Pescado another untreated group a rate 
of 65 1 per cent The number of heavy 
infections found was also much higher in 
the control areas than m our treated towns 
The age group from 6 to 10 years and 
from 10 to 20 years always have the high 
eat rates proving the importance of ma 
lana in young adult labor force 
Both Tables V and VI show that mci 
TABLE V 

CinnrunTK iHcmsaca or Maiabia bt Aqe 
GSOUTB TOA TSW TxaBS W TKB TiBATEO 
VlLUOEB MiaSATOBT AND PEBlfA 
WEMT IMHABITAHTS 


Agota 

yeaia 

Atatnae 

Flasmoeluit 

Qumine 

PUsmochla 

1 ^ “ 5 

2 £ £ 1. 

1 1 §5 

n £ £ S. 


665 162 •»4 3 

63S 190 9 9 

^-lO 

397 177 44 6 

388 173 44 6 

10-“0 

712 93 411 

618 274 44.3 

0-40 

855 237 7 7 

811 215 265 

40-60 

45- 146 3 3 

336 60 ir 8 

Over 60 

1- 40 3 7 

140 21 35 0 

Tatala 

3 03 1055 3 9 

29 8 933 31 S 
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mosquito production is not dependent upon 
rainfall m our village areas as most of the 
lar\al breeding occurs in lagoons and back 
waters of the Cbagres Hirer which are 
alwajs filled with aouatic vegetation ex 
cept during infrequent periods when fhK» 
vegetation is washed out by flood waters 
"Water impoundment behind Madden Dam, 
which was begun Sept 1934, has exerted 
more influence on mosquito production than 
any other single factor The gates of fbw 
dam are sometimes closed for months, and 
during such periods the onlj water released 
13 that which passes through the hydro- 
electric plant at the dam This impound 
ment causes a low water level and sluggish 
current Conditions of stagnation are most 
favorable for the growth and spread of 
aquatic vegetation which at such times 
covers the river near all its small tnbu 
taries and in all its many shallow lagoons 
The production of Anopheles mosquitoes is 
tremendously increased while such condi 
tions exist 

TABLE II 

Amuos ifovTStT PAUSire Birts Tuinv 
Gtcufa Counuo wrrs Vyru^rut 
COVTSOL Gtocrpa 


Tear 

1 Paruite rat« 

Trrated 

Control 

groups 

1930-31 

216 

.. 

1931-32 1 

16 8 1 

17 5 (12 months) 

193-.-33 

16 8 

27 5 (12 months) 

1933-34 

12 8 

20 5 (8 months) 

1934-35 

15 8 

22 5 (12 months) 

1935-36 

115 ' 

18 5 (I** months) 

1936-37 

10 8 

16.2 (!*’ months) 

1937-38 I 

66 

16 4 (1 snirey) 

1938-39 

80 

20 8 (1 surr^) 

1939-40 1 

US 

3- 7 (4 surreys) 


These control records are from various 
areas on the Madden Dam Highway where 
the migratory population made a very poor 
control group Many of those who had 
malarial attacks went to Panama Cifr for 
treatment and were not caught m the blood 
film surveys , , , . 

The cumulative rate is obtamed by divia 


TABLE in 

lliuuu. Pakisitz Rates Abclt Eatis Coh 
rAUD WITH CniLDBZ'r’s {15 TEAlS ASB cwn) 
Ratzs Tbzsb SATts ixz CctruuTirt 
Pos Tnz YZAZ. TzAxs 1935-1940 



Adults 

Children 

Tclil 

Iiutlsl surrey 19'*9 No 
frcatment or control 

% 

1 

7 


mewnrci — 

Chun, records Sept 1935- 

37.2 

58.5 

458 

Ang 1936 AllnlUges 
Com. records Sept 1936- 

291 

41.5 

3SJ 

Aug 1937 AUriUsges 
Cum. records Sept 1937- 

30J 

4»7 

385 

Ang 1939 AU rtllsges 
Com. records Sept 1938- 

21.2 

SSA 

258 

Ang 1939 AU nllsgcs 
Cnm. records Sept 1939- 

25 0 

30 8 

•7.9 

Ang 1940 AllnllBges 

37.9 

42 0 

399 


TliB r»t« foond la the mUal inirey wpmeat 
bat oae esaianiatiOB wbila tbs enmnUtiTS ntei 
iaaleds IS noatbly lorre^* uid all pentirM du 
tovertd Thia ibowa rery clearly that a lUEle 
•arrey sorovera oaJy a fraetioa oi tie aassal 
l&atana rate erez wben dng control ta is s*** 
Ona farorablc effect of trcatncnt la ebon is tbc 
decreasing ebildrra i rato relatire to tbe adult rate, 
aa treatment progressed. PstiaBy cbtlirea sbo* a 
parsaite rate almost donblo that of adults After 
eontiaoed treatment tbe two rates become more 
nearly equal. Thia ia partially eiplamed by tbe 
fact that children are more bbely to be present at 
anrreys and eu be more tboroagbly examined and 
treat^ 

rng the total number of mdividuals posi 
tive during the year by the total number 
of persons examined 
It IS seen from the last Ime in Table IV 
that from 1 to 5 examinations of the same 
individual durmg the year give average 
annual parasite rates of 19 3 per cent, while 
12 consecutive monthly examinations of the 
same mdmdual increase these rates to 47 6 
per cent These data mean that approxi 
mately half the population of our area 
had malarial parasites m the blood at least 
once durmg the year 
The table also indicates one of the difS 
culties encountered m surveymg and treat 
mg native population groups in the field 
either in villages or m labor camps Our 
nver supervisor fives m one of the towns, 
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TABLE \ ni 

Speciis oy Maiasu Parasites Foethd r» 
2 93') Positives 



Fits y«ai« pecorda of CbUibie aad Uaddcn 
BigbvsF aehoola Infrequent lurre^a 
t One nrrej August 1940 in a town on Qstiin 
Lalie A period of tea 7eara for Ken Sts Joan 
and the Cbagrea nlliges Mgsthly turreje 

6 Chagres Biver Tillages. 0! course tlm 
figure was obtamed irom the results of 
smgle esasusatioua if a senes of esami 
nations had been made in the same mdi 
Tiduals probably more would have been 
found Howe>er it is not an easy task to 
find in any one Sun ey a suitable crescent 
earner for mosquito infection espenments 
This is true of the untreated control areas 
as well as of the treated groups The 

TABLE IX 

iKcniEacE ot F Falcipartiu CtescEaTS la FwR 
Ceao&es Biver Tillages akd in AIaiqieh 
Hisbwat Coktsol Grouts 


Tears 1 

Chagres | 
Villages 1 

Madden I 
Highway | 

Bo 

Feseado 

1831-32 j 

13 j 

28 7 1 


193 -33 

9 

34 6 1 


1933-34 ' 




1934-35 

”8 

*5 3 


1935-36 

65 

18 3 ' 


1936-37 

39 S 

317 


293 -38 

44 0 

27 2 


193S-39 




1939-40 

451 

54 S 

3S9 


ereseent rate is apparently higher in these 
treated groups but this maj be onlj the 
result of more frequent examinations The 
gametocyt^ earner is still a great problem 
in areas where drug control is attempted 
Table X shows the interesting and im 


TABU- X 

AirarAL PttcEWTAQE OT Heavt Malarial Ik 
FCCTfoirs Deswo the Past Teh Tears 


Tear# 

Five Chagres 
Ibrer nllages I 
(treated) 

Madden High 
way and Dam 
(eontrols) 

1930-31 

16 7 

65 

1931-3 

116 

88 

193 -33 

218 

19 6 

1933-34 1 

15 0 

1 * 

1934-35 ' 

00 

17 4 

1935-36 

15 0 

113 

1936-37 1 

19 3 

IDS 

1937-38 j 

173 

10 0 

1936-39 

20 4 

1 ^ ^ 

1939-10 

31 

1 104 


portant fact that a greater percentage of all 
malarial infections were heav} ' among 
the cases found m the treated Chagres 
River groups than in the untreated control 
groups Heavy infections were more nu 
merous in the treated groups after 10 rears 
of treatment than they were in the early 
years of our work Yet the average annual 
malana) parasite rate in the treated groups 
in 1939-40 was onlj 12 1 per cent while in 
the initial survey made m 1929 the rate was 
46 5 per tent 

YJe believe that a partial explanation of 
this otherwise discouraging fact lies in the 
possibility that treatment of all parasite 
positive eases lids so many of them of 
parasites that immunity is lost, "When 
such individuals with lowered immunity 
become newly infected they are more 
likely to be clinically ill with many para 
sites m the blood, than are others who 
retain a few parasites at all times but 
rarely become activelv ill 

Of the 20 infants found positi\e in the 
control areas the first infection of at least 
one was found m each month of age from 
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TABLE VI 

IMDITIDUALS SCRTTTtD 12 COSSSCDTITE IfOVTIIS 



1 Chagre* 

1 New San Joan 

1 Totals 

1 Controlsf 


Ex 

Pew 

Posi 

Ex 

Poet 

Posi 

Ex 

POH 






1 snuiied live 

tive 

' amined tive 

tive 

srataed 

tire 

tiTe 

' amincd 

lira 

bra 

yeart 

Ao 

\o 

y 

A» 

\o 

% 

Ao 

yo 

(» 

’ Ao 

Ao 

7 

0^ j 

165 

65 

39 4 

114 

49 

43 0 

279 

114 

40 8 

2«8 

70 

26 

5-10 

135 

71 

52 8 

69 

41 

59 4 

204 

112 

54^ 

10 0 

3»5 

37 7 

10-»0 

69 

45 

eSJ5 

38 

2S 

737 

107 

73 

6SJ! 

10 s 

415 

403 

•’0-40 

63 

23 

36 5 

SO 

24 

48 0 

113 

47 

416 

293 

67 

** 8 

40-60 

50 

19 

38 0 

15 

8 

400 

65 

25 

38 4 

119 

35 

94 

Over 60 

15 

5 

S3A 

17 

S 

294 

32 

10 

31J: 

25 

4 

16 0 

Totalj 

497 

22S 

45J 

303 

153 

50 5 

800 

381 

47 6 

2713 

976 

360 


* Penod eorercd September 193S to ftcd tfielcdins An^at 1940 

f Controls Usdden Bigbrrsj aebooU 4 snrr^a Clulibre (town on Uaddea nigbwa 7 ), 1 nmj, 
Bio Peaeado Gatnn Lake (bore 1 tarrej 


denee is highest m ages 5 to 20 and that 
those above 60 years of age who have spent 
their lives m these highly endemte center^ 
are not inunnne to malaria 
In addition to the figures given above 
the Suenos Aires schools (on the Madden 
Highway) were examined 4 times (Oct 
1939 Jan Mayand Aug 1940) Thenum 
her of positives found was 203 No treat 
meat was given m this area except quinine 
sulphate which was provided for the posi 
tives to be used if they so desired There 
was DO supervision of treatment The re 
suits of the survey show that of the 203 

TABLE Vn 

iKnmnoiLS (405) Posmn rot ilu^u wao 
WZM SuaviTH) BzouusLT ro« I® Cow 
ercDTiTB Months Pebiod or Ssrr I 



positives 315 were positive once 5o twice 
23 three times, and 10 four times Thus 
88, or 43 3 per cent were positive from 2 
to 4 times 

"We believe that the larger proportion of 
positive findings is due to relapse not to 
new infections This is well shown in those 
who were repeatedly positive over long 
periods These repeaters were certainly 
less tolerant to malaria than others living 
m the same area for they kept a high para 
site rate even though they were subjected 
to treatment at frequent intervals Certain 
families regardless of the location of their 
home^ show very low tolerance to the 
disease and these people defeat our efforts 
to attain a further reduction in malarial 
parasite rates 

Mixed infections are no doubt more 
common than is indicated m Table VIII, 
as it is often necessary to examine blood 
films made on successive days to discover 
such infections Table VIII shows that P 
fcletpanim infections constitute the major 
4ty of our positives and that P tttax and 
P tnalanae infections are more eommoo m 
the Madden Highway grouus than in the 
Chagres River villages 
The crescent rates among P faletparum 
infections seem very high yet during 9 
years of our observations only about 43 
heavy crescent earners were found m the 
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The evidence that cyclical variations m 
malarial parasite incidence is due to some 
other factor than mosquito abundance is 
contained in the tables showing parasite 
rates obtained during the past 10 years 
In Table III the hioh parasite rate of 45 6 
per cent for the initial surieya (including 
New San Juan) is mentioned These sur 
veys were made in September and Decern 
her 1929 during the heavy rainy season 
5 5 ears before Hadden Dam was completed 
The next surveys were made a year later 
(Sept 1930} revealing a parasite rate in 
the same population of only 16 2 per cent 
Meanwhile no treatment had been given 
This diminution m parasite rate which 
was not in any way influenced by treat 
meat was apparently the normal decline 
from a peak of high incidence in which 
we had unwittingly made our loitiai sur 
veys Increases in parasite rate were noted 
during the first year of our treatment ontil 
in August 1931 they reached another peak 
with a rate of 27 8 per cent in spite of 
treatment They declined thereafter almost 
steadily even through the dry season until 
1933 when high rates were again found 
which continued throughout the year m 
spite of intensive treatment of 4 towns with 
atabrine personally administered by one 
of us ("W H W K) In 1934 rates 
dropped precipitately even through the 
dry season and remained at low figures 
throughout the year Then in the first 4 
months of 1935 we experienced an epi 
demic when rates rose to high levels (28 8 
per cent in the treated towns) during the 
dry season (January through hlareb) and 
declined rapidly thereafter (see chart on 
p 112 of our fifth year s observation) No 
significant increases were noted in 1936 
1937 or 1938 and none occurred m 1939 
until August when the rate increased to 
17 5 per cent from 6 9 per cent in the pre 
ceding month Thus 4 dry seasons passed 
without any significant rises in parasite 
rates the first such increase occurred m 
August 3 months after the rams had begun. 
Apparently judging from this experience 
an epidemic may occur at any season of 
the year 


IE river conditions favoring increased 
production of anopheles mosquitoes are the 
cause of increased parasite rates such in 
creased rates should reoccur each dry 
season after the completion of the Madden 
Dam (September 1934) which impounded 
water durmg the dry season However 
with the exception of the epidemic in the 
early months of 1935 the next 5 years 
passed with no significant rise in parasite 
rates m any dry season The first notable 
increase came in the month of August 1939 
several months after the rams had begun 
If mosqnito density were the answer to 
the problem of cyclical increases towns 
along the river bank should have the high 
est parasite rates as they are nearest the 
scarce of mosquitoes The town of Las 
Guacas which is nearly surrounded by 
water and in which the highest density of 
mosquitoes was found m 1932 has had con 
sistently the lowest rate of any of our 
villages On the other hand New San 
Juan which hes some 2 or 3 miles to the 
north of the Chagres River has had con 
sistently the lowest density of mosquitoes 
of any of our towns Tet at times the 
parasite rate in New San Juan has been 
higher than in any of the other villages 
Malarial parasite rates in our area ex 
bibit large variations over periods of vary 
ing lengths One of us (W H "W K ) 
believes that these variations are caused by 
great increases in new infections following 
a loss of tolerance which may he due to 
natural causes or to treatment Relapses 
certainly play a part in the increases noted 
but they are believed to be significant as 
compared to tbe numbers of new infections 
found during epidemic periods 
The same author believes that the m 
creased numbers of heavy infections 
noted as occurring since our drug treat- 
ment was begun is also due to a decrease 
m tolerance brought about by riddmg the 
population of its parasites 'When malaria 
attacks auch a non immune population the 
number of clinical cases is higher than in 
a control group which has had little or 
no treatment This point is brought out 
stnu^ly in our fifth annual report (2) and 
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TABLE XI 

SuttVETs or INI-ANTS 12 MovTas 01 Less or Aos. 
SsPT 1935-Avo 2PiO 


Period 

covered 

Chagres 

River 

towns 

CoBtro] 

areas 

he • 

1 » 

« a 
5 S 
!|| 

H 

o a 
■s 3 
iS-s 

II 

!a S tS ^ 

a S' ^ 

1935-36 

63 S 

13 1 

I ® 

e 

1936-37 

69 8 


1 4 

4 

1937-38 

63 1 


1 1 

0 

1938-39 

65 1 


1 0 

1 

1939-40 

4S 1 

r 3 

' 1 

3 

Totals 

272 16 

1 20 4 

e 

U 

Per cent 

59 

20 0 

300 

700 


the second to the twelfth The highest m 
cidence was 4 m the seventh month, but 
too few infections were recorded to give the 
result signidcance Of the 20 infants 
found positive, five had P vioaz infections 
and 15 had P falctparum infections a 
ratio which is quite comparable to that 
existing for these types in the general 
population 

The infant rate of infection is a yard 
stick with which to measure transmission 
Table XI shows an infant rate of 5 9 per 
cent among the babies in the treated villages 
surveyed 12 times a year, as compared with 
a rate of 20 per cent amoag infants living 
m the control areas which are surveyed 
onlj at infrequent intervals 

Ctclical Vabutions in Mai>abia Inci 

DENCE IN FOPXTIATIONS UkDEB 
Observation 

Dunng the 10 years of our observations 
great fluctuations m the malarial parasite 
rate have been noted in both crar treated 
towns and m the control groups The chart 
whit-h will be found on page 112 of our 
fifth annual report (1936) indicates these 
fluctuations for the first five year period 
and Table I of the present paper shows the 
variations in the rates observed m the 
treated population since 1935 The enst 
enee of such fluctuations is undeniable as 
shown in the chart and the table but the 
authors are not in agreement as to their 


causes The first author (H C C) be 
lieves that they are caused by unusual in 
creases m the numbers of anopheles mos- 
quitoes m the villages, owing to favorable 
conditions for lanal production caused by 
periodic lowering and stagnation of the 
waters of the Cbagres Rner Such favor 
able conditions recur annually at the be 
ginning of the dry season (January), and 
have been particularly marked since the 
beginning of impoundment of water behind 
Madden Dam (Sept. 1934) Unfortunately 
DO data as to mosquito prev alence at various 
eeasons of the year are available except 
for the last two years of our study (Sept 
1938Sept 1940) Tie figures for these 
years show that mosquito production is 
heaviest during the dry season (January 
May), when low water, 6lnge,tsh current 
and bright stailight combine to make lap 
val breeding conditions very favorable In 
support of the ides that increased mos 
qoito production is responsible for hifah 
malarial rates it is pomted out that two 
notable peaks of incidence occurred in the 
villages along the Chagres Kiver tn the 
midst of the breedmg areas at the begin 
niDg of the dry season m 1933 and again 
in 1935 Smee 1935 onlj one such peak 
has occurred and this increase began in 
August 1939 and continued for several 
months thereafter In 1936 and 1937, 
malarial rates were higher in the first 5 
months of the jear corresponding with the 
dry season but in 1938 and 1939 higher 
rates were obtained in the second half of 
the year particularly in 1939 when a para 
site rate of 17 5 per cent was found m 
August in the 4 Chagres Eiver villages 
This was higher than any rate noted in 
these villages since the great epidemic of 
the first 4 months of 1935 when parasite 
rates as high as 28 8 per cent were obtained 
in the 4 Cbagres Rner villages Tina 
relatively high rate of 17A per cent 
occurred in the early part of the ramy 
sei^n and was more than three times as 
high as the rates found during the dry 
reason months of March April and May of 
the same year, when they averaged about 
54 per cent 
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days followed 2 days later by plasmoebin 
simplex 0 01 gram twice a day for 5 days 
These methods of treatment were continued 
from September 1932 to September 1940 
During the course of these experiments 
one case of quinme idiosyncrasy was noted 
Plasmochm simplex given either following 
quinine or atabrme gave trouble in many 
instances when administered twice a day 
for 5 days "We found one family the 
members of which cannot take plasmochm 
m any quantity without experiencing ab 
dominal distress 

4 Blood film surveys for malarial para 
sites were made monthly throughout the 
entire ten year period to measure our re 
suits The thick film technique of Barber 
and Komp (1) has been used and the 
Btauung and examination of the films have 
been done by experienced technicians 

5 Administration of treatmeut during 
the first years was m the hands of a native 
graduate nurse assisted by the local school 
teachers and civil authorities One of the 
staff also had charge of the admmistration 
of the drugs in the Cbagres River towns 

A definite policy was later established of 
emplo}iDg native girls to giie the treat 
ments under the supervision of the river 
Supervisor Thus the administration of 
the drugs was b> non medical personnel 
visits of inspection were made by a member 
of our staff 4 days a month 

6 Durmg the later jears large shifts 
of population in our towns interfered sen 
ously with the continuity of our work The 
population has deebned in number steadily 
since about 1938 hlany families have 
moved to Madden Highway where better 
transportation and school facilities are 
available Greatly increased labor demands 
in the Panama Canal Zone have drawn 
many of our villagers from the river towns 
A large number of these people had been 
permanent inhabitants of the towns from 
the early years of our work. 

7 The part played by new infections as 
compared with relapses from previous in 
feetions is believed to be relatively small 
In the quinme plasmochm treated group 


516 per cent of all positive for malarial 
parasites were positive from 2 to 7 times 
duni^ ft year’s observations In the ata 
brine plasmochm treated group this per 
centime was 45 6 per cent A certam por 
tion of the percentage of repeated positives 
IS doubtless due to insufficient or incoro 
plete treatment but m the mam it is 
the result of low tolerance to the disease 
Persons repeatedly positive keep up the 
parasite Tftte even though given frequent 
complete courses of treatment These m 
dmduals defeat our efforts to effect a 
further reduction m the parasite rate We 
believe that they represent cases of relapse 
in most instances rather than new mfec 
tions Same confirmation of this view is 
found in the low monthly parasite rates 
and the low percentages of infections in 
infants which point to low transmission 
rates 

8 During the past 10 years the inci 
deuce of the several species of malaria para 
sites among all positives has been as 
follows P falctparum 77 8 per cent P 
ttiax 193 per cent P malariae 29 per 
cent 

The percentage of crescent carriers m P 
faletparvm infections has mcreased rather 
than diiDiDished from year to year how 
ever exceedingly few carriers are found 
m any year which are good subjects for 
mosquito infection experiments The per 
centage of heavy infections found among 
positive mdividuals has not decreased m 
the treated groups however the majority 
of positives m these groups show very few 
parasites m the films while positives m 
control areas show many parasites requir 
ing less time to discover them 

9 Surveys of mfants under one year 
from 1935 to 1940 show positive rates of 
59 per cent m the 272 examined m the 
treated areas as against 20 per cent of 20 
examined in the control areas 

10 The highest parasite rates were found 
m the age groups from 5 to 10 years and 
from 10 to 20 years The latter group con 
tains the young adults who form a large 
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IS confirmed by the figures m Table X, 
which show a steadj increase of “heavy 
infections” among onr treated population 
"Whatever may be the cause of the cyclical 
variations which occur m the malarial para 
site rate their existence must be considered 
m evaluating the results of control mea 
sures By an unfortunate chance our 
initial surveys made in 1929 showed high 
rates and much of the success of our eflforts 
has been referred back to these high rates 
as a base-bne If however we had made 
our initial surveys in September 1930 we 
would ha\e been much less encouraged bj 
our results as the 1930 figures 162 pet 
cent were low In fact they were a frae 
tion lower than the average monthly rate 
for the 12 months ending August 1932 
after two years of treatment with qnmme 
and plasmochin (Table 1 of our second 
year a observations 1932) 

In order to reach satisfactory con 
elusions in regard to the value of antima 
laria measures the natural trend of the 
disease must be obserr^d over a period 
snfflciently long to pass through several 
cycles of the disease Otherwise what may 
appear to be a success may be oal> a swim 
nung with the tide In order to correctly 
evaluate a drug it should be administered 
over a period long enough to include one 
of the cyclical upswings of the malana rate 
Only if It IS successful under these condi 
tions can it be considered of any value id 
community malaria control or prevention 
The value of our observations is enhanced 
because they have been made over a period 
of time long enough to encounter a number 
of normal cjcbcal variations There has 
been a steady diminution m average annual 
parasite rate as determined by monthly 
surveys in the treated groups As shown 
m Table I the average annual rate for these 
groups was 21 6 per cent m the first year 
of treatment Nme years later in 1939- 
1940 this rate was reduced to 12 1 per emit 
A comparable decrease was not noted in 
the control groups so far as figures for 
these groups are available We believe that 
the reduction m the annual parasite rate 
in our treated groups is a fair measure of 
the success of our work 


Summary 

1 This report deals with an espenment 
in the control of malaria with drugs alone 
conducted in a rural region of high en 
demicity m Panama, where no auti mos- 
quito measures were used The espenment 
has extended over a period of 10 years 
The population concerned were native Pan 
amanians with a large negroid stram hv 
tng in SIX villages located on the banks of 
the Chagres River between llsdden Dam 
and the eastern boundary of the Canal 
Zone and a control group living about five 
miles away on Madden Highway Breeduig 
of A albmanus, the principal malaria 
vector was abundant in the aquatic vege- 
tation along the river banks and m the 
many lagoons and backwaters near the 
towns Such breeding became extremtly 
abundant at periods of low water, caused 
by the impounding of water behind Madden 
Ham which resulted in slow current and 
semi stagnant conditions m the river 

2 During the entire period of our stodies 
no correlation between the monthly ma 
larial parasite rate and monthly rainfall 
was noted The annual rainfall varied 
from 73 32 inches to 123 15 inches with an 
annual averoge of about 100 inches 

3 The population involved in our studies 
was divided into three groups two of which 
were treated and the other used as a con 
trol In bU our work only those indi 
vidaals who were found parasite positive 
as indicated by examination of blood films 
were treated Mass treatment of the popu 
latioD was not attempted at any tune The 
control group was provided with quinine 
sulphate which was taken voluntarily with 
no attempt at supervision of treatment 
This method was used m the control groups 
throughout the course of the experiment 

Prom September 1930 to September 1932 
the two treated groups were given quinine 
sulphate alone or with plasmochm In 
September 1932 one group was treated 
with atabrine 0 1 gram 3 times a day for 
5 days followed 2 days later by plasmochin 
simplex 0 01 gram twice a day for 5 days 
The other group was treated with quinine 
sulphate (tablets) 0 972 grams a day for 5 
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"What tonshtutea a laalana problem la 
more than a rhetorical question In theory 
any place in which man mfectible mos- 
quito and malaria parasite are accessible to 
one another under favorable natural con 
ditions may constitute a malaria problem 
In practice however these situations vary 
in malaria intensity with respect to the 
quantitative and qualitative aspects of 
these factors Since the malanologist can 
rarely serve all of them at oace tt becomes 
imperative for him to develop some selec 
tire policy and procedure by means of 
which his services and resources shall be 
come available first in places where they 
will do the most good This aphorism 
then states both the necessity for and the 
objective of malaria control planning 

As a preliminary step therefore the 
public health malanologist might define a 
malaria problem as a situation m wbteh 
proved malaria morbidity or morbidity 
and mortality prevail at such heights as to 
stimulate concerted group activity aimed 
at suppressiie efforts This stimulation 
may be spontaneous or induced It wiU 
be the former if morbidity and mortality 
are sufficiently severe i e under epidemic 
or byperendemic conditions it may be in 
duced if these effects are not impressive 
enough to alarm the public though they 
result in demonstrable economic loss wbit^ 
may not be realized until the malarioli^ist 
points it out 

First Consideration Developinq tce 
General Picture or Malabiousniss 

The first essential m planning malana 
control IS to visualize the usual intensity 
distribution of tbe disease over the entire 
area of responsibility For this purpo e 
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informatvon may be obtamed from the offi 
cial vital statistics pertaining to malaria or 
from malaria reconnaissance Neither of 
these methods is completely satisfactory 
Theoretically the former is preferable for 
the beet measure of malaria should he the 
amount of sickness and death which it 
cans» Unfortunately these attributes are 
not reported with numerical accuracy 
under routine conditions and are there 
fore of limited dependability 

Deaths from malaria are generally over 
reported Many medical practitioners in 
m^arioua areas are prone to accept any 
antemortem sign or symptom saggestive 
of malaria as evidence of infection end is 
the absence of some more obvious factor to 
certify it as the cause of death Blood 
smears and even more rarely thicl; blood 
films are made on only a fraction of cases 
Daucr end Faust (1937) state that of tbe 
reported malaria deaths in Mississippi for 
the year 1935 the causes of only 34 per 
cent of the deaths of colored persons were 
confirmed by laboratory diagnosis Me- 
leney (1937) showed that of 115 malaria 
deaths reported in Tennessee in 1935 blood 
smears had been made on only 40 per cent 
all of which were positive Brown (1940) 
analyzed 101 malaria deaths reported in 
Georgia in 1937 and found that blood 
smears had been made on 51 per cent of 
the cases 

Indnstrial life insurance policies eostmg 
from 5 to 25 cents a week and requiring 
no medical examination are very popular 
in the South especially among negroes 
They pay death benefits of from $70 to 
$350 Many of them contain the following 
limited liability clause or its equivalent 
this Pobey shall be void if the in 
sored has ever had before said date 
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percentage of any tropical labor force 
Adequate treatment of this latter group is 
necessary therefore to mamtam its e£B 
ciency under conditions of hard labor and 
exposure Such treatment can be admm 
Btered m the field with small personnel 
and little expense 

11 Aon medrcaJ pefsonnel selected from 
camp or village residents can be instructed 
to administer anti malarial drugs m a 
reasonably satisfactory manner However, 
a physician qualified and interested m 
tropical and industrial medicine should 


fiupemse such non medical personnel, mak 
mg visits at least once a week to the areas 
under treatment 

12 We consider qoinme sulphate and 
atabrme to be of equal therapeutic value 
m the treatment of malaria In our work, 
atabrme has the advantage that it is pre 
{envd to qmnme by fie native pcpaktica. 
It IS of course, considerably more expensive 
than an equivalent course of qumme treat- 
ment We do not beheve that plasmochm 
has played a very important role m our 
work. 
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for Uie jears 192&-1939 mclusiTe It is 
apparent that either graph iroutd serve to 
BboiT the relative auuuai latenaity ol na 
laria Incidentally the graphs show the 
effect of sustained efforts at improving the 
reporting of malaria cases and deaths 
Ptioi to 1932 the reported case fatality 
ratio nas ten or less whereas after 1931 it 
exceeded ten During the last three ^eara 
shown It has been from 23 to 30 8imi 
lady Fig 2 is an array of 10 year monthly 
malaria case and death rates for the same 
state Considering the known defects m 



herent m the data the two graphs exhibit a 
remarkable degree of parallelism m trend 
This gives a useful picture of the sea'ional 
occurrence of each attribute exemplifying 
the well known lag in the rise and decline 
of deaths as compared to cases ft also 
shows what is either a reportorial or actual 
difference in the case-fatality ratios m the 
winter versus the other months 

Thus employed conservatively and with 
a proper understanding of their limitations 
either morbidity or mortality statistics may 
serve to point out certain useful tnne ma 
laria relationships provided the area or 
population involved is sufficiently large 
They may also be used to advantage in de 
fining certain space malaria relationships 
again provided that the time span is great 
enough Some extra caution however is 
required m interpreting the distributional 
maps thus developed of which Fig 3 la an 
example 

While geographic distributions of mor 
tality are probably more dependable than 
those of morbidity for the reasons pointed 
out above it must be remembered that they 
show IitUe more than the intensity distribu 
tion of estivo autumnal fever This may 
or may not be associated with tertian ma 
Jana Where tertian predominates to the 
exclusion of other types of malaria through 
out the season morbidity should be plotted 
instead of— or as well as — mortality assum 
mg that cases have been reported with some 
regularity for several years 

Bate maps and unit maps have different 
distributional significance The first show 
vanatioTo of attnhutes expressed as pro- 
portions of the population Thus m areas 
including large cities many of whose inhabi- 
tants are at mmimal risk of malaria rate 
maps may be misleading because they indi 
cate low rates but do not reveal the effect 
of their application to large populations A 
good example of this is shown in Fig 3 
Chatham County m the most easterly pro- 
jection of the state has a low malaria death 
rate but this is due mainly to the fact that 
95271 of 116 803 persons m Chatham 
Coon^ live in Savannah where exposure 
to malaria is virtually negligible Never 
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(of application) paraljsis cerebral hemor 
rhage tuberculosis or other pulmonary 
diseases or chronic bronchitis asthma can 
ccr, pellagra or anj disease of the heart, 
bver or kidneys or any venereal dis- 
ease ’ These exclusions to which 
homicide is commonly added leave a com 
paratively limited series of causes mclnd 
mg malaria from which a negro may die 
without forfeiting his life insurance Of 
late years the effect of this stipulation is 
offset to a considerable extent by another 
which provides that after a stated period 
of one or two years or more the policy 
shall be mcontestahle except for non pa> 
ment of premiums nevertheless m some 
contracts payment is not made under any 
circumstances if venereal disease is in 
>ohed The net effect of such policies is 
to influence the physician to write m 
malaria rather than tuberculosis or syphibs 
as the cause of death to insure payment to 
the beneflciary 

On the other hand, some true deaths from 
malaria are not reported as snch Mistakes 
in diagnosis as indicated by Meleney 
(1937) may be responsible for missed ma 
laria deaths Very poor families remotely 
situated who cannot afford doctors fun 
erals or caskets frequently bury their own 
dead without any official record of the 
event. 

As a rule cases of malaria are not as well 
nor as adequately reported as deaths 
"Whereas death reporting suffers mainly 
from errors of commission case reportmg 
suffers from errors both of commission and 
of omission In endemic areas malana is 
commonly regarded as a trivial insigmfi 
cant complaint which rarely justifies the ex 
pense of calling a physician In those in 
stances where the doctor m consulted the 
patient or his familj observes that the diag 
nosis IS usually based on a meager combma- 
tion of case history and physical examina 
tion Some physicians m^e a conscientious 
and thorough mvestigation— including a 
blood exammation— before they arrive at a 
diagnosis of malana but all too frequently 
the doctor merely mquires how long the 
patient has been ill and i£ he haa had a 


feierorachilL He then feels the patient b 
pnlse, looks at his tongue suggests that he 
maj have a “touch” of malana and pre- 
scribes quinine or atabnne — perhaps mth 
calomel and a purgative There is nothing 
in this pattern of diagnostic procedure that 
the patient or his family cannot do them 
seh es and so the next time the same set of 
6>'mptom5 appear the doctor is by passed 
and the quinine or atabnne— or a substi 
luted chill tonic — is obtained without pre- 
scription Thus the great majonty of what 
the laity believes to be cases of malana are 
self diagnosed and self treated they never 
come to medical attention and so cannot be 
reported Boyd (1930c) states that not 
over 35 or 40 per cent of the cases studied 
in southeastern Missouri had consulted a 
physician Unfortunately many of these 
which have sought medical advice are not 
reported, especiallj if the diagnosis was 
made on a purely clinical basis. 

Case reporting is subject to local infln 
eaces which may affect statistics without 
having true morbidity significance The 
arrival of a new doctor accustomed to re 
porting malaria or of making blood smears 
as a diagnostic aid may suddenly increase 
the apparent malana morbidity m » 
coontj whereas the increase” is only in 
the reporting of morbidity This improve- 
ment in reportmg malaria — as well as other 
communicable diseases — invariably follows 
the establishment of an active local health 
agency In some states it is customary to 
include in routine morbidity statistics all 
blood positives found in malaria surveys. 
This adds appreciably to the apparent mor 
bidity in sorvoed counties in contrast to 
other counties not surveyed but m which 
there is every reason for believing that ma 
lana is as serious a problem Thus the 
malariologist reviewmg statistical evidence 
of malaria morbidity must carefully sem 
tiiuze and satisfy himself as to the eircum 
stances behind each reported increase 
It must not be supposed however that, 
because of their defects mortality or mor 
bidity statistics are entirely useless Fig 1 
shows the reported annual case and death 
rates for a smgle malarious state Georgia, 
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geographic distribution and areas of con 
centration 

In competent hands splenoifletr 7 is a 
rapid and inexpensne methoa of estimat 
ing malariousness Since details of the 
technique are gi\en in Dr Elmendorf a 
paper they 'will not be included here Cer 
tain practical difScultiea in applying it on 
a large scale may be mentioned however 
To obtain rebable and comparable infor 
mation spleen palpation should he done by 
well trained and experienced medical per 
sonnel desirably by the same individual 
Thus either the area of reconnaissance is 
restricted to what one person can handle m 
a given season or &e\eral individuals must 
be involved This last is not easily ar 
tanged because experienced splenometnsts 
are rare and it is difficult to enlist the in 
terest of the health officer in the procedure 
His acquaintanceship with malaria aple 
nomegaly is usually restricted to observa 
tions made on patieqts acutely ill with ma 
lana Their spleens are enlarged but the 
increase in bulk u due mainly to conges* 
tion They are soft doughy and mobile 
and it IS not easy to define their lower mar 
gins by palpation Thus the ph>sieian 
who later becomes a health officer is frankly 
skeptical about the value of splenometry as 
a measure of malariousness If he can be 
induced to try it on any considerable scale 
he soon experiences the thrill of Ending for 
himself the firm unmistakable easily de 
fined spleens of chronic malaria and may 
become an enthusiastic advocate of the 
method Perhaps the most serious impedi 
ment to its use is that even after consider 
able experience with spleen palpation dif 
ferent examiners maj express diverse opin 
ions about the presence and extent of small 
degrees of splenic enlargement As these 
constitute the major portion of the en 
larged spleens encountered m this country 
the main difficulty in depending upon sple 
nometry in malaria reconnaissance is on 
obtaining reliable and comparable mea 
surements on a large scale 
A further consideration is the fact that 
the spleens of white children are more re 
sponsive to malaria infection than are those 


of n^roes This is particularly true of 
tertian malana which in the negro is com 
paratively rare and almost always asymp- 
tomatic Thus it is common experience to 
find more enlarged spleens than positive 
bloods among white children while the re- 
verse IS true among negro youngsters It 
follows that geographic distributions of 
malariousness based on spleen size alone 
may be misleading in areas where the racial 
composition is highly variable 

Blood Smear reconnaissance technique 
likewise has its pros and cons The advan 
tages are (1) that smears can he collected 
by nurses engineers or other non medical 
personnel (2) that positive findings are 
objective and can be preserved for future 
venficatioQ and (3) that species andgame- 
tocyte determinations can be made Their 
great disadvantages are (1) the time snd 
expense of processing and examination 
and (2) their easy deviation by antima 
lariab which gives spuriously low infection 
rates 

In the entbor s opinion tbe most pro 
ductive and economical reconnaissance 
practice in this country would be to have 
tbe spleens of white children palpated by 
physicians and to have non medical assis- 
tants make blood smears from negroes 
These examinations may be restricted to 
rural populations as little if anything is 
gamed by including children living under 
strictly urban conditions 

SaCOKb COVSIDEKATION SELECTION OP 

Malaria Control Areas 

Having developed the general picture of 
malana intensity distribution on a region 
-wide baiiis the next step in planning ma 
lana control is to decide just where it shall 
be done Theoretically this should be m 
the areas where it has been shown that the 
hazard is greatest or afiects most people 
■Wherever possible this public health prin 
ciple should be allowed to dominate all 
others Actually malaria-control opera 
tions cannot be earned out 'without cash or 
labor therefore except m situations where 
support IS not locally derived selection vnll 
probably be conditioned as much by con 
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! the!«u the nnmber of persons djnng from 

t TOftlana in the Countj is frequently mDch 
larger than m other counties where maJana 
death rates are higher 
In their simplest form unit maps— the 
familiar * spot map” — show the actual 
number of cases or deaths either accurately 
located or expressed numerically m terms 
of political or other arbitrary subdivisioii, 
such as counties parishes or military dis- 
tricts The difBculty with these maps is 
that certain subdiMsions may be several 
times the size of others and so are not com 
parable This defect may beo\ercomeby 
adjusting the attribute per subdnnsion to 
a constant unit area as 100 square miles- 
This has been done m Fig 4 with the data 
used m Pig 3 It will be observed that the 
aame general distribution of incidence and 
intensity is expressed in both maps but 
that in the unit map Fig 4 the urban coan 
ties—Fulton (Atlanta) Muscogee (Co- 
lumbus) Bibb (Macon) Richmond (Au 
gusta) and Chatham (Savannah)— have 
greater prominence in the malaria picture 
Thus It shows the aggregate effect of low 
exposure potentials in urban areas as well 
as the consequences of high endemicity in 
rural areas The rate map emphasizes in 
tnusic malanousnesa whereas the adjusted 
unit map depicts aggregate population er 
penence with malaria Both types of maps 
are of value and should be made and stud 
led carefully to acquire a good understand 
mg of the intensity distribution of the 
disease 

In the event that morbidity or mortahty 
records over a suitable period of time are 
not available or are patently unreliable tie 
general picture of relative malaria inten 
sily may be sketched m by making an area 
wide malaria reconnaissance This proce- 
dure IS aimed at determining the current 
or recent prevalence of malaria in man It 
IS usually achieved by making a census of 
splenic enlargement or parasitemia or 
both among public school children through 
out the area at any time during the year 
though more useful data are obtained 
toward the end of the malaria season 
These are plotted on a map to show their 
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What IS the linut of local bond issuance 
and the present outstanding indebtedneast 

Likewise malaria control must Tie witli 
other health impros ements for its support 
What IS the importance of malaria relatiTe 
to other health problems in terms of mor 
tality morbidity and dollars and eentsT 
How much proprietary and ethical anti 
malarial medication is consumed and what 
does it costt Is there reason for believing 
that malaria affects or is affected by other 
local chronic disabilities such as mainour 
ishment undernourishment hookworm dis- 
ease etc t la the health officer keen)> m 
terested in malaria or is he preoccupied 
with other health problemsi These consid 
erations may be important in determining 
the immediate scope the continuity rate 
and the final success or failure of the 
malaria control project 

blalana is usually a rural disease and is 
therefore frequently associated with popu 
latiOQs dependent upon agricultural pur 
suits for their livelihood Is the local econ 
omy based upon products whose market is 
fluctuating whose prices are speculativet 
Are agricultural practices up-to-datet Is 
any attempt being made to apply new 
methods of planting cultnation and bar 
vestmg to introduce new crops or farming 
activities to develop new marketsT These 
considerations may seem remote from the 
general subject of malaria prevalence and 
control yet in planning the initial scale 
and ultimate extent of the program they 
are determinants of primary importance 

ForsTH CoifSTDERATioy SELECrroN or 
MtLARIA COVTROIj tlE&SUBES 

The survey report will undoubtedly in 
elude recommendations for control and a 
supporting budget These should be pre 
pared on a somewhat idealized basis to re 
fleet clearly the relative malaria impor 
tance of each area and the preferred metb 
ods — and anticipated costs — of dealing 
with each of them 

Desirable malaria control practice calls 
for permanent preventive measures wber 
ever possible Essentially those involve 
the complete removal of man or the trans 


mittmg species of Anopheles Depopula 
bon is rarely feasible on a large scale 
because of the expense involved and the 
reluctance of people to leaie their home- 
steads It does have minor application 
however in sub marginal lands and in the 
relocation of workers quarters on plants 
tions In the vicinity of wildlife refuges 
and reservations where drainage and larvi 
cidat measures are not sanctioned popula 
tion removal is the ideal method of protec 
tion to be recommended 

The filling of anophehne breeding places 
has the unique advantage of being imme- 
diately and permanently effective without 
requiring further expenditure Its capital 
cost 13 so great however that its use is vir 
tually restricted to small ponds pools and 
pits m or near cities 

All things considered drainage is prob 
ably the most satisfactory control method 
now used It should be recommended 
wherever the dewatering of breeding places 
can be accomplished without violating 
vested recreational or wildlife interests 
whose valnes are believed to transcend those 
of health improvement in the area The 
constmebon costs of drainage are high 
and are largely dependent upon the type 
of soil moved and the method used Hand 
labor excavation costs from 40 to 50 cents 
per cubic yard Machme (dragline) dig 
gmg costs run from 15 to 20 cents per cubic 
yard but require a huge yardage to justify 
the purchase or rental of the equipment. 
In swampy places where a heavy dragline 
cannot be readily moved or where large 
stumps must be dislodged from the ditch 
line dynamite excavation may be employed 
to advantage though its cost is a little above 
that of draglme operation 

If dramage is the method of election an 
index of ponds should be included m the 
report showing precisely the malanogenie 
status of each and the type of dramage 
construction proposed It v^ then be pos- 
sible to devise a desirable sequence of dram 
age operations bv baud labor or if josh 
fled by machine 

The greatest defect m planning for 
dramage control is failure to provide for 
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sideratiOQ of available resources as by 
known degrees of endemicity Even where 
means are at hand a vigorous proaotional 
and educational campaign may be neces- 
sary to secure their utilization 
The size of area to be selected deserves 
mention Everj effort should be made to 
avoid units so small that nullification of all 
malaria hazards within them will not ap 
preciablj affect malaria rates On the other 
hand it is difficult to laaintain malaria 
control interest m an area so large that the 
effectiveness of control can be appreciated 
by only a minor fraction of ita inhabitants 
Generally speaking it is advisable to ad 
here to existing political subdivisions be 
canse vital statistics public expenditure 
local health agencies and other participat 
ing organizations are usually related to 
them Occasionally a major situation, such 
as the head watershed or impoundment of 
a large nver system may male it necessary 
to mvohe seieral subdivisions Again ma 
laria prevalence maj be intense but so Iim 
ited m extent within a county that the 
county population is unwillmg to endorse 
public expenditures for its control tinder 
such circumstances the project must be 
developed and studied on less than a county 
basis 

TnlSD Cor^SIPERATlOV ilauABlA SUBVCTH 
Assuming that these choices have been 
made the third step m malana control 
pJannmg is to assemble detailed matano- 
logical information about each area Such 
a stndy is called a malaria survey It dif 
fers from a reconnaissance in that its scope 
IS mtensive xatbey than extensive "Whereas 
the reconnaissance is onlj a preliminary 
investigation aimed at defining areas of 
malaria importance within a region the 
object of the survej is to show how and at 
what levels malaria is being transmitted 
and what can be done to reduce that level 
Id areas where malaria control is proposed 
Thus It involves not only measurements of 
malaria m man but studies of local anophe 
lines and of the specific environmental con 
ditions which influence the development 
and transfer of parasites from man to in 


sect and vice versa. Essentially, it will try 
to distinguish between primary focaliza 
tiona and secondary extensions of endemic 
ity and to determine the specific location 
and nature of the breedmg places from 
which the anophelines responsible for traas. 
mission in each primary focus are derived. 

Inasmuch as Dr Elmendorf s contribu 
tion treats of the techniques analysis and 
interpretations of malaria survej's no men 
tion IS mode of these phases of the subject 
in this presentation, noting only that the 
comprehensive survey report will contain, 
m addition to particularized malariologic 
mformatioti some account of the social and 
economic conditions prevailing locally Is 
the population composed of family nmts, 
including children or of adult male 
laborers employed on some remote constme 
tion project t Is it their custom to sit out 
of -doors or to travel about in the evcnmgl 
Are they housed adequately ;n buiJdmgs 
that at a reasonable cost, might be made 
mosquito-proof I What is the per capita 
or per family income and bow is it spentt 
Do property -owners renters wag^hands 
or share-croppers predominate in number! 
How many of them pay taxes! How much 
of the land is owned by absentee landlords! 
Arc the intellectual capacity and experience 
of tbe people such that they can accept 
responsibility for the proper use of screens, 
bed nets or antimalanal drugs provided 
with prophylactic intent! Are they sub- 
ject to any sort of discipline direct or indi 
rect or must all cooperation be voluntary! 

In obtaining public funds health depart- 
ments must compete with other public ser 
vices An expanded program of road 
building of schoolhouse construction of 
providing old age pensions etc may sen 
ously jeopandize public interest m and 
maintenance of major malaria control un 
dertakmgs Can the present health allot 
meat be expanded to defray the costs of 
malaria control! If not what special fiscal 
provisions can be made for this purpose! 
"What IS the total assessed value of pnvate 
property and public utilities! Would a 
special malaria tax be constitutional or 
would it require enabling legislation! 
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by abuse or by not remaining behind 
screens after dark 

There alwais remain houses in the areas 
•where drainage and larviciding cannot he 
done which, cannot be protected against in 
sect invasion except by major reconstmc 
tion at a cost which neither private owners 
nor local government will assume In such 
places medication is about the only thing 
left to recommend The treatment of game 
tocv te earners and of mdigents is justified 
by ample precedents in public health prac 
tice and irrespective of its lack of effect 
upon the intrinsic malariousness of the 
area should be recommended in the report 
As an example of comparative malaria 
control costs the following is abstracted 
from a survey report entitled A Study 
and Anal j sis of Malana in Morgan County 
Alabama (1939) by E A Philen* The 
drainage of 158 ponds and the larncidal 
treatment of 46 others is recommended as 
being the cheapest and most effective means 
of control T^s would require if machine 
drainage were employed annual expendi 
tures of $16150 for 9 jears and $8 075 
yearlj thereafter Hand labor drainage 
would cost at least $100 000 more and would 
require a longer construction period The 
annual cost of county wide larvicidal con 
trol is estimated to be $20 670 of screening 
and mosquito-proofing $36 388 plus an 
initial outlay of $181 940 of medication 
$G4 625 

If the project is to be supported on non 
local funds there will probably be little 
occasion for departing from the desirable 
sequence of operations suggested 1^ the 
surveyor If on the other hand it is to be 
maintained on local resources it may be 
necessarj to evolve a featibU works pro- 
gram based upon joint consideration of the 
control recommendations the means avail 
able for their fulfillment and perhaps cer 
tain circumstances of local psychology and 
politics 

Assuming the project to be of the latter 
type an inventory of all resources should 
be prepared Local governments may sup 

* Made availabU bj tbe Alabama Department ot 
Pabl c Health whose eonrteiT u bereby aeknowl 
edged 


ply funds derived from special taxes ap 
propnations or bond issues In addition 
they may be able to provide trucks excava 
tion machinery cement mixers etc In 
some counties convict labor is available 
and maj be used for physical control oper 
ations In addition to local facilities cer 
tarn federal agencies may contribute ma 
tenallj to malana prevention vhile working 
towards their own social objectives The 
names and functions of these will doubtless 
change and perhaps disappear with the 
jears but at present the '^orks Progress 
Administration the Farm Security Admin 
i:ktratioD the Soil Conservation Service the 
National Tiouth Administration the Civil 
lan Conservation Corps and the U S 
Housing Authontv are able to participate 
directly or ludirectlj in anti malaria activ 
ities Not infrequently private property 
and public •utility owners can be prevailed 
upon to supply labor equipment dynamite 
or mosquito-proofing matenals for use on 
their own premises under the technical 
supervision of local health officials Tbe 
final malana control plan should utilize 
each of these assets to the utmost while 
adhering as closely as possible to the se 
qnence and procedure recommended in the 
survey report 

Certain pressures will be brought to bear 
against the proposed program These must 
be squarely faced and nullified if effective 
and economical malana reduction is to be 
accomplished Wild life enthusiasts and 
sportsmen will argue against the dewater 
ing of aquatic areas and will urge the sub- 
stitution of impermanent control methods 
Drainage is necessary for certain types of 
land improvement "While such a conse 
qnence of malaria-control drainage is de- 
sirable it must not dominate the selection 
of drainage sites Self interested land 
owners will urge drainage of their prop- 
erty at public expense with little or no 
actual malana justification The aceep 
tance of such projects is fatal to the future 
of a malaria control program Similarly 
ditch lining maj provide enhanced faciJi 
ties for dealmg with storm water runoff or 
pest mosquito breeding incidental to anoph 
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tie aimua! maintenance necessary to keep 
the channels functional The costs are ex 
ceedmgly vanable hot can \1saall3 be an 
ticipated in different terrains wth a rea 
sonable degree of accuracy To a eonsid 
erable extent, these maintenance costs maj 
be reduced by paring ditch bottoms mlh 
concrete claj brick or masonrv and b> 
stabilizing the slopes of open ditches The 
construction costs of such procedures limits 
their application to urhan and Eubnrban 
situations where generally speaking it is 
better practice to invest a little more money 
and install a closed subsoil drainage 
tem if possible "While these refinements 
in design and construction do reduce mam 
tenance costs, thev rarely if ever succeed 
m eliminating it 

Certain breeding places howeier rep 
resent interests vested m power wild life 
recreational or ornamental values and can 
not be destroved In such situations the 
onlv alternative to depopulation is tem 
poraiy or semipermanent control mea 
Bures such as larvicidal applications mos 
quito-proofiag or medication. Good anoph 
ebne lamctdal effect may be obtained 
with either oil or Pans green Oil has the 
advantage of being lethal to all mosquito 
larvae whereas Paris green is mainly ^ec 
tive against anopheUne larvae The ma 
terial costs of oil are about twice those of 
Fans green and the radius of appbeation is 
somewhat less Thus oil is more expensive 
but provides nullification of a pest problem 
as well as a health hazard Larviciding 
should he employed either as a supplement 
to or dunog the development of a drainage 
program It is rarely economical to suhsti 
tute it for dramage. If however it can 
be demonstrated that the annual costs of 
area wide larvicidmg are less than the 
n yinnftl maintenance and amortization costs 
of drainage for the same area the proposi 
tion should be seriously considered 

Most malanous states have regulations 
promulgated for the control of artificial 
impoundments Such bodies of water pre- 
sent very special malaria problems due to 
the fact that natural fluctuation of po<d 
level m response to rainfall and run-rff 


does not occur as m natural ponds Fine 
taatiou is an effective anti larval method 
and where feasible means for achieving it 
in artiflcial impoundments should be speci 
fied m the malaria survey report Clear 
mg bank sloping herbicidal treatment, 
marginal drainage and lamciding may be 
necessary as supplementary measures to 
suppress anopbeline production in im 
pounded ponds and lakes The cost of ma 
laris control operations on revenue pro- 
ducing impoundments shonld be borne bv 
the owners. 

The nse of lanicides presupposes that 
under local conditions sufficiently effective 
control of breeding can be obtained to re- 
duce malaria rates and enough people hve 
within flight range of the treated ponds to 
justify the costs This is not always true. 
Using ground or boat equipment, oilmg 
costs about $20 per season acre Pans green 
dusting $15 airplane dusting if the vol 
ume justifies it is less expensive about 
$7 50 per season acre according to Klker 
Fairer and Planary (1938) Thus it may 
be more economic^ to provide mosquito 
proofing than lamciding m the viciaitv of 
ponds where population is scanty The 
Tennessee "Valley Authority has encoun 
tered situations where standard Pans green 
airplane dusting does not kill enough 
larvae to control local malaria morbidity, 
and has therefore substituted screening 
and mosquito-proofing for anti larval mea 
sores. 

An insect proof house is part of a mini 
mnm standard of living and should not 
have to he promoted as a specific anti 
malaria measure Nevertheless thou'sands 
of unprotected houses exist within flight- 
range of anopheline breeding places. 
Where filling dramage or anti larval mea 
saves are not practicable some of these 
houses can be screened at a reasonable frac 
tion of their present valae It is m such 
situations that mosquito-proofing should 
play a part m the malaria control program- 
The effectiveness of this measure is depen 
dent upon the residents understanding its 
purpose and that its value wiU he reduced 
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A UALAsiA survey is a quantitative as 
•well as a qualitative procedure directed 
toward seeuring information whidi will 
determine the status of malaria lu a com 
munity The survey should serve as a Woe 
print for the guidance of the malaria de 
partment and it should provide an original 
base line from which all subsequent mea 
Burements of the course of the disease are 
determined 

Lists of the equipment necessary for a 
Survey are given in detail by such wnlcts 
as Boyd (1930a} and Christopbera et at 
(1936) 

The ataft will depend upon the scope of 
the program but generally speaking the 
essential personnel should be a medical 
malariologist who should also be the direc 
tor of the group an entomologist with spe 
eial tra nmg in eulicidology and the use of 
lamcides and a sanitary engineer with 
special training in hydraulics 
A malaria survey should include the col 
lectiou of data on demography and inei 
dence Bemographical data describing 
for minor civil divisions the composition of 
the population by race age and sex may 
be secured from official censuses but if 
data from such sources are not available 
the investigator may be obliged to make a 
census or at least a very careful estimate 
The incidence of malaria in a popnlation 
cannot be exactly determmed Morbidity 
reporting so useful in many bnes of prac 
tical epidemiology has undeveloped pos- 
sibilities as applied to malaria At present 
however the utility of available reports is 
slight even where competent medical ser 
vice IS conveniently available because the 
diagnosis of malarial infection is often not 
made with precision Moreover many m 
fected persons do not consult a physician 
during their attacks Furthermore many 
states accept totals of cases purportedly 


seen vnthout requiring the particularized 
identifying data so essential m epidemio- 
logical inquiries Consequently the mala 
nologist 18 usually obliged to gather his 
own data 

A malariologist with proper apprecia 
lion of bis problem of diagnosis will limit 
him elf to the collection of objective data 
significant in relation to the existence of a 
malarial infection Unfortunately there 
IS not available at present any single m 
fallible criterion by which malarial infec 
tion may be recognized Comparatively 
few persons encountered in the course of 
a survey may be acutely ill at the time 
The detection of parasites m a blood smear 
is ucontrovertible evidence of the existence 
of infection but lu many persons with 
chrome end latent infections the parasites 
ma> at the time when a blood smear is col 
lected be at submicroscopical levels and 
hence undetectable Malarial infections 
invariably produce some degree of sple 
nomegaly which may persist when the 
infection becomes chronic particularly in 
madequatelj treated persons "While other 
infections may abo produce acute enlarge 
ment of the spleen these subside quickly 
Therefore in most communities where 
other acute infections have not recently 
been epidemic the presence of any number 
of persona with splenic enlargement may 
be significant from s malarial standpomt. 
If enlargement la due to malaria, these per 
sons will usually show a significantly 
-higher proportion with parasites in their 
blood than will be found m those with nor 
mal spleena Furthermore considerable 
vanation m the size of different enlarged 
spleens will be observed For a considers 
tion of other aspects includmg the effect 
of race etc the reader u referred to Boyd 
(1930a) 

Since it is usually impracticable to 
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e2me redaction. These arc desirable im 
provements but they should not be done 
under the aegis of malana control if no 
malaria problem is inTolred, Slany pubbe 
olBcials are entirely vnllmg to spend public 
funds in dusting ponds on private prop- 
erty, but are not snUing to participate in 
the costa of mosquito-proofing private 
homes. In spite of obvious economy of 
complete drainage development of one sec 
tion of a county at a time the people at 
nsk of malana m other sections may de- 
mand a more equitable distnbution of these 
operations or perhaps treatment at public 
expense vhile the dragline remains on the 
other side of the county Finally certain 
procedures such aa screening and medica 
tion that are dependent upon individual 
cooperation and responsibility mav not sue 
ceed m particular localities mthout either 
disciplinary control of the population or a 
special program of education and inspec 
tion. These factors mast all be considered 
in the integration of desirable malaria-coo 
trol practice with local resources and cir 
cumatances. 

Fepth COKsmaaTioN' Evaluatiov or 
hfAianiA COSTBOL 

Measurable malana attnbutes fluctuate 


not only with the season of the year hot 
from one year to the next (Fig 1) In 
many instances there is manifested a cer 
tain regularity in their trends which sag 
gests some inherent cyclicity or periodicity 
the reasons fo which are obscure Malana* 
control operations started dunng the de- 
scent of these attnbutes are naturally 
predestined to success It is accordingly 
veiy easy to deceive oneself about the sne 
cess of malaria-control efforts Probably 
the most objective method of avoidmg such 
pitfalls IS to maintain under careful obser 
vation one or more malarious areas wbere 
no preventive measures are bemg earned 
on Reconnaissance methods, as well as 
vital statistics analvsis may be applied 
year after year to note the natural move 
ments of malana prevalence in these eom 
parsion areas and to gange departures 
from them in places where control programs 
are m effect. 

In the final analysis the best indications 
of success m malana control are favorable 
expressions on the part of low income fsmi 
lies Imng m previously malarious sections 
and of tax paying landowners who can 
compare their individual expenditures for 
malaria treatment before control with their 
tax bills and land values after controL 



MAUUtIA SUETET — UETHOPS AND PROCEDURES 


297 


If blood specimens are collected from all 
persons m the sample the parasitic mdec 
may be computed This is of course most 
time consuming The presence of parasites 
mdicates recent spread of the disease and 
hence recent infection 
The persons in the sample aubjected to 
splenic examination will necessarily in 
elude if malaria be present a 'varying 
probably small proportion of acute clinical 
cases as ■well as many latent or chronic 
infections Those 'with detectable enlarge 
ment include a few persons W whom blood 
eiammations are parasite negative pos 
sibly representing recovered infections 
On the other hand a few whose blood 
examinations are positive will not exhibit 
detectable splenomegaly The latter in 
some instances represent very recent infec 
tio&s 

It la most convenient to record the data 
pertaining to each person on a special rec 
ord card with keyed perforations along the 
margins sneh as are mow conimonl> used 
in recording statistical data The punch 
ing out of these holes for positive data 
simplifies subsequent analyses The mini 
mal information gathered should include 
the following date locality of examina 
tion name age sex race residence and 
length of residence in the house and the 
locality spleen classification identifying 
number ot blood smears species of para 
site gametocytes occupation malanal 
medication taken condition of dwdling 
and protection against mosquitoes (diffi 
cult to secure without a domiciliary visit) 
attacks of fever over a period of the last 
jear hemoglobin percentage if desired 
Four points of great importance are to 
he elucidated by the entomological survey 
the anophelmes of the local fauna thar 
role in the transmission of malaria, the 
water collections wherein they breed and 
the habits of the adults 
Entomological investigations are usually 
limited to the area to be controlled and a 
bordering area about a mile in depth 
These investigations require field observa 
tiOEs of the larval and adult insects The 
o^a are also studied at times bat observa 


tions of them are not usually essential to 
the practical ends of a survey If informa- 
tion on seasonal and yearly variations m 
incidence is required studies are continued 
for a year or more Exigencies of prac- 
tical control work will rarely permit this 

The location of the residences of infected 
persons on a spot map affords a lead to the 
production areas at least those of major 
significance although all water areas 
within average flight range of the district 
in which control is contemplated should 
be studied If early in the season and 
breeding is just beginning search for 
larvae alone is most practicable whereas if 
the season is more advanced it is better to 
carry on both lines of mvestigation simul 
taneouslj 

The entomologist must become sc 
quamted with the local terrain Topo 
graphical maps are of assistance m the 
discovery of breeding places If not avail 
able these maps should be prepared con 
currently by the engineer 

As minimal equipment in the search for 
larvae there are required a dipper and 
pipettes rubber boots and labelled speci 
men bottles If time permits recurring 
observations the interval should not be in 
excess of ten da> a 

All observations should be entered on 
permanent record cards The records per 
taming to larvae should afford the follow 
mg minimal data exact location end date 
type of water collection and actual level 
degree of exposure to sun last signiffcant 
precipitation aquatic vegetation number 
of larvae collected by instars pupae and 
pupal shells collected local distribution of 
breedmg and its density, identifications 
and distance to possible ahelters and source 
of blood meal for adults All breeding 
places discovered should be represented on 
maps by conventional signs and the pre- 
sumptive permanency of each area should 
be noted 

Observations on adults are secured from 
nocturnal catches the use of traps and 
captures in dinmal shelters called capture 
stations Capture stations may be any 
place where anophelmes congregate dormg 
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examioe all persons in a commuiaty, the 
malariologist will gcnerallj limit bis obser 
vations to a sample the size of which •will 
depend on the total population the time 
available the trend of the current resnlts 
and the character of the objective data 
sought (Bojd 1930a) Some malariologisls 
Will find it most practicable for some par 
ticular reason or personal preference to 
limit themseh es to observations on the mci 
dence of parasites or splenomegaly alone 
or to consider both criteria together If 
both are considered the observations should 
be made concurrently on the same indi 
viduals It should be remembered that the 
detection of parasites is more particularly 
indicative of infections recentlv active, the 
detection of splenomegaly of a developing 
immunity Hence the two criteria have a 
different significance 

From the standpoint of practical em 
ployment a spleen sur ey has wider useful 
ness especially if performed in the con 
firming manner described than a parasite 
suxrey because it permits the exammation 
of a latter sample with the further advan 
tage that the results are immediately avail 
able The collection of blood smears from 
all persons examined because of the 
greater time required per person reduces 
the size of the sample and its examination 
may delay the availability of the results 
for many months 

Since schools include the younger age 
groups of both aexes various races and 
representatives of differing social status 
they are convenient centers in which to 
conduct the major investigations of the 
clmieal survey It is frequently nnneces 
sary to examine children over the age of 12 
and many limit themselves to those under 
10 However sometimes other age groups 
including infants and adults should be 
included, to reach them domiciliary visits 
will be required- 

The duneal survey should be made at 
or immediately foUowing the period of 
greatest intensity of the disease Once this 
period has been ascertained on the basis 
of history mortality or morbidity daU w 
previons surveys the examinations should 


be repeated if required at the same time 
each j ear m order that the results may be 
comparable 

The examination for splenomegaly a 
preferably made with patients m tie re- 
cumbent position with knees flexed and 
abdomen bared The examiner standing 
On the patient s right side palpates lightly 
With the right hand which is held more or 
less at right angles to the costal margm- 
Two requisites are essential for successful 
examination light pressure of the exam 
mer with the hand flat upon the abdomen, 
and relaxation of the patient, associated on 
his part With full, deep abdominal breath 
mg Thoracic breathing with tense muscle 
can prevent the detection of a spleen which 
otherwise would be readily palpated below 
the costal margin 

The record should state the relative posi 
tion of the lower border of the enlarged 
spleen For this purpose Boyd s classifea 
tion of splenic enlargement has been found 
practical Hts classification divides ea 
larged spleens into five groups namely 
those palpable on deep inspiration (P I> I )» 
and numbers 12 3 end 4. The ascending 
numbers indicate progressive degrees of 
enlargement varying from No 1 at the 
costal margin on normal inspiration to 
No 4 which extends below the umbiUeus 
No 2 enlargement extends to any point 
lying from the costal margin to half way 
to the umbilicus and No 3 from the former 
limit to the umbilicus 
In order to demonstrate the extent to 
which the observed splenomegaly is attri 
botable to malarial infection it is desirable 
to take blood smears from each person with 
an enlarged spleen Smears furthermore 
should be taken on a certain proportion 
(every second third fourth etc ) of those 
persons presenting negative spleens An 
analysis of the incidence of parasites 
among the persons with different spleen 
classes reveals the degree to which the ob- 
served splenomegaly is indicative of ma* 
lana] infection The number of those 
positive expressed as a percentage hoW 
ever does not constitute a parasite index 
although It may be estimated therefrom 
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should be considered together An analy 
SIS of the survey data gives information on 
various subjects (1) the scope of the ma 
lana problem in the community (2) the 
intensity of the malaria problem (3) the 
vectors mvobed and their areas of prodnc 
tion, (4) consideration of control measures 
■which are applicable (5) preparation of a 
control project 

The perforated cards pertaining to each 
geographical unit should be analysed 
separately From these cards information 
IS quickly tabulated showing the age sex 
and race groups of those examined the 
numbers -with splenomegaly m each of the 
abo\e groups as well as the total * the inci 
dence of parasitemia in each spleen group 
and the incidence of splenomegaly m each 
geographical sobdivision 

An index of malarial infection may be 
determined b\ choosing some criterion for 
infection and detersuning the oumber of 
persona satisfying the criterion per 100 or 
1000 of the sample examined Since no 
one criterion will infallibly reveal all eases 
of infection the computed index of lofec 
tion Will almost invariably be too small 

In case all persons constituting the 
sample are examined for splenomegaly 
and parasites are sought in blood smears 
taken from each of them it is possible to 
calculate readily the crude spleen and 
parasite indices for the entire group as 
just described Of course a parasite index 
cannot be directly computed from the para, 
site incidence observed only in those with 
splenomegaly Each index should be com 
puted from its own data In addition to 
the crude index for the entire population 
It IS desirable to compute indices for dif 
ferent age groups The percentage of 
children under 30 years of age in whinn 
parasites are found has been called the 
Whether the PS) I tpleciur ahonld tie tegarded 
aa tignificant or grouped w U> ttie segatiTee depeade 
on the eircQin taocee If the iso desce of paras te* 
among pertona mth tuch spleens is s giuficantly 
higbe than atno g those sr th normal spleens. The 
PJJ I spleens maf in the ease of white children be 
regarded as signideant. In the ease of n^roes 
they are definitely enlarged. 


endemic index by Stephens and Christo- 
phers 

The smaller the proportion of the indi 
vidnali in the group or sample examined to 
all persona with the same characteristics of 
age sex or race in the general population 
of the area surv eyed the greater the likeli 
hood that chance variation might reveal 
eomiderable difference m the results if 
further samples were examined On the 
other hand when all Children between cer 
tain age limits are examined at school on 
a certain dav samplino errors are prac 
ticallr eliminated as the group examined 
includes nearly the whole population 
within those limits of age sex and race A 
more extended discussion of these questions 
will be found in Boyd (1930a) 

The Scope of the malarial problem is the 
first subject of interest The local geo 
graphic distribution of residences of in 
fected persons should be shown by a spot 
map A map indicating the extent of 
malaria — whether the incidence observed 
was of epidemic or endemie prevalence- 
should be supplemented with data cover 
mg among other considerations the infeo 
tion measured by splenomegaly and blood 
positives by age groups numbers of the 
splenic group also positive to parasites 
size and character of spleen parasites m 
the general population or in the splenic 
negative group numbers found with dif 
ferent species of the parasite and gameto- 
cytes present in blood smears 

The expression endemic prevalence ac 
knowledges the perennial prevalence of 
malaria with some degree of possible fine 
tnation depending upon whether the en 
demic level is normally low medium high 
or even greater The hmits of annual 
fluctuation are greatest under conditions 
of low endenucjty and limited season end 
dimmish as the level of endemicity in 
creases, hlalana may attain epidemic 
prevalence after its mtroduction into areas 
from which it has been previously absent 
or from which it has spontaneously disap- 
peared, and after such an mtroduction 
remain endemically established lor an in 
definite period Furthermore the wider 
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the daj in or under a house a latnne a 
shed stable in a cuhert under a bridge a 
tree hole or any locahtv affording shade 
and humiditj Thej ma> or ina> not be 
related to a source of a blood meal All 
collections from each location should be 
kept as separate units for identification 

As minimal equipment m the search for 
adults there are required a flashlight col 
lection tubes either suction or chloroform , 
labelled pill bo^es for induidua) collec 
tions and record cards including labeled 
spaces for recording places of capture date 
and hour tjpe of station diurnal or noc 
tnmal catch weather conditions during 
pres lous night time spent m capture spe 
cies identified and numbers of males and 
females 

As control work progresses routine ento- 
mological im cstigatioQs afford a check on 
the work and routine visits at weekl> or 
ten-da} intervals should be made to areas 
selected after preliimnary investigations 
have shown that the sites are frcqoented 
by adults The} should be chosen with 
definite relation to knoim breeding areas 
so that they coier the total area to be 
studied m a comprehensive manner 

If It be necessary to demonstrate the im 
portance of certain breeding areas par 
ticularly if located at about the maximum 
flight range of a species the recovery of 
stained adults in nature as well as in spe 
cial catching stations may be attempted 

Some expression of the density of the 
anopbelmes should be adopted When 
density is not great comparison may be 
made between total catches but when mor" 
abundant results may be expressed as the 
number caught per man hour (Boyd 
1930a) 

Anah sis of the entomological data 
should yield the following information 
density and distribution of local fauna 
actual and potential breeding areas rela 
tion of production areas to clinical cases 
flight range and direction of ingress or 
infiltration and seasonal variations The 
data should be entered on entomological 
spot maps 

It IS not expected that each survey would 


require a specific appraisal of the actual 
or potential role of the local aaophelmes 
as vectors Information already available 
will t.enerall} indicate the vectors since 
the results of intensive studies performed 
in a few t} pieal and sample localities will 
likelv afford significant information apph 
cable to wide areas 

If required pertinent information bear 
mg upon this question may be received 
from the results of precipitin tests per 
formed on the blood removed from a senes 
of stomachs of freshl} blooded anophelines 
to ascertain the host from which the blood 
meal was taken If the presumptive evi 
dcnce suggests a species to be anthropo- 
philic its susceptibiht} to infection with 
malarial parasites should be detenmned, 
and demonstration of the infection of this 
species under natural conditions may be 
attempted The technique of the precipi 
tm test IS described b} Bice and Barber 
(1935) 

If the terrain is unfamiliar and maps ate 
not available these deficiencies must be 
supplied by the engineer Maps for the 
spotting of clinical and entomological data 
must be available immediate!} Enlse’s 
(1922) sketch mapping for public health 
work IS a ver} good introduction to the 
practical preparation of work maps At 
tention must be given to all residences and 
their distinguishing identifications and to 
water courses and collections of water and 
depressions which ma} hold water tempo 
rarJy Information relatmg to the geo- 
logical formation of the region and types 
of soil as well as the past and current 
records of precipitation may also be 
required 

Furthermore for ponvenienee in the 
analysis of the data the area covered by 
the maps may be subdivided according to 
civil or arbitrary subdivisions m order to 
accentuate local differences m data 

Analysis op the Data Secuked in the 
Survey 

The different portions of the surveys are 
complementary to each other and m an 
appraisal of the situation their results 
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tion m 'which the different species of plas 
medium are present (P tiioi P falet- 
parum P malartae) In regions where 
prevalent a high relative incidence of P 
falciparum suggests recent transmission at 
fairly high levels of intensity A relatively 
high mcidence of P malartae especially if 
P falciparum is low suggests a low level 
of transmission durmg recent years Be* 
cent transmission is revealed by a high 
level of infection in non immunes such as 
infants and immigrants 


If the entomological survey has incrimi 
nated the vector species the problem of spe 
eies sanitation may be taken up Searches 
for larvae and adult captures may have 
indicated the production areas of the 
vector The correlation of the distribution 
of clinical cases with the known produe 
bon areas will indicate whether all likely 
producbOQ areas have been discovered 
l^iowledge of the bionomics of the vector 
may suggest posstbibties for methods of 
biological or naturalistic control 
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tip^\ard fluctuations under conditions of 
low endemicity are essentiallj epidemics 
If opportunities for malarial tr&nsmis 
Sion are so widespread that all occupants 
of an area inliabitants and Msitors alike, 
maj be bitten not once but several times 
during the transmission season by infected 
mosquitoes, it is unhkelv that the chance 
visitor or newcomer will pass the transmis 
Sion season and escape infection This con 
dition may occur temporarily, as during a 
severe epidemic or it may prevail year 
after jear m which event the situation is 
characterized as a hyperendemic 
In the latter conditions, all newcomers 
whether immigrants or newborn will soon 
be inoculated and presuming they possess 
the maximum susceptibility will soon suffer 
from the active disease This experience 
will be repeated probably until they 
acquire an immunity to all the prevalent 
local strains of parasites The newborn 
who survive this initial infection will 
experience a ^reat deal of clinical malaria 
during infancy and childhood but with 
adolescence clinical attacks will become 
rarer and as adults the} will seldom or 
never experience a clinicd attack and ma} 
not even exhibit anj objective signs of 
infection Under these conditions we find 
a high incidence of infection m children, 
a low incidence in adults 
As the grades of endemic intensit} di 
mmish the chance of a susceptible person s 


passing through the transmission season 
Without being bitten by an infected anoph 
elinc jocrease until conditjons are readied 
where such an occurrence will be rare or 
tinnsnal Consequently many or even 
most persons may reach adolescence or 
adult life before thej expenence their 
first infection, if thev do at all Thus, 
as the grades of endemicity dimmish the 
disparity between the incidence m children 
and adults will also dimmish until when 
of moderate or low degrees the incidence 
of infection at different age periods may be 
very nearlj uniform and but a email pro- 
portion of the popnlatiou will possess an 
immunity (Pig 1) 

Populations bvmg in regions of low 
endemicity and with low levels of herd 
immunity will respond to an intensification 
of transmission by the exhibition of an 
epidemic Under this circumstance the 
level of incidence at all age penods will 
rise without presenting a dispanty be- 
tween children and adults This appraisal 
may be useful in forecastmg the difficulties 
which will require surmounting m order 
to establish effective control Satisfactory 
results are much easier and more rapidly 
attained where the incidence is a low 
endemic or an epidemic than where it is 
high or hyperendemic 
Differentiation of the endemic picture 
requires the computation of specific mdiees 
for different age groups, including repre 



rio 1 Tjpical relationslup of parawtie «nd 
gplenie indices with varTing endenucity (Af^ 
8 P James ‘Malana at Home and Abroad. ^ 
permission of John Bale Sons Md Danielson, Wd ) 
(Ftojo BoTd ‘ Introduction to Malanology 1930 
Harvard UniT Press ) 


sentatives of the adult population In gen 
cral the curve of the specific parasite 
indices will more closely conform to the 
pictures sketched, regardless of race, than 
will the specific splemc indices because 
negroes are less subject to splenic enlarge- 
meiit than whites 

To discover whether there are seasonal 
variations, histones diagnostic laboratory 
exammations outpatient records and mor 
bidi^ reports must be secured through 
continued surveys It is important to have 
knowledge of seasonal variation since it 
has a definite value in planning for control 
because seasonal malana is easier to 
control 

Attention must be given to the proper 
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of 25 200 yards to the pound Copper we 
screening in the 16/16 mesh 28 SWO 
recommended by LePrmee and Orenstem 
(1916) for the Canal Zone was found to 
possess the maximum safe aperture for use 
in Africa bj Davey and Gordon (1938) 
Mulligan and Majid (1932) stated that 
apertures somewhat larger were satisfae 
tory for India Earle (1932) judged that 
12 mesh copper of 0 015 inch diameter wire 
was probably the best screening material 
for Puerto Rico 

Traps 

Traps providing an attractive resting 
place for adult mosquitoes have been exten 
sively used m India Those reviewed by 
Covell (1931a) have been supplemented by 
the feather duster and earthen pot traps 
described by Gore (1937a 1937b) Russell 
and Santiago (1934) devised a box like trap 
for anopheles which bad a layer of soil one 
inch thick held in place on the inside walls 
and roof by 16>iaesh screening A drip 
can on the roof kept the soil moist The 
trap bottom was open and the one end not 
boarded up was partially closed at night by 
a black cloth which hung to within 6 inches 
of the ground The box was placed di 
rectly on the ground and collections were 
made with glass vials in the morning The 
smallest effective trap of this type used m 
the Phihppmes was 2 feet wide 2 feet high 
and 3 feet long 

In the Orient human baited traps have 
been effectively used Manalang (1931) 
captured females of A funestut Giles 
(minimus) in a wire screen cage baited 
with a man sleeping under a mosquito net 
The collector did not nsk contraotmg ma 
lana and mosquito collection was made 
relatively easy Urbino (1936 1938) and 
Ejercito (1938) also reported the use of 
man baited traps to determine the density 
of A minimus var fianrostrts Gater 
(1933) found that a double bed net, of 
which the outer had openings that were 
closed with flaps at intervals durmg the 
night was many times more effective than 
hand catches in the collection of hlalayan 
anopheles. 


In Panama a V shaped ridge of screen 
mg with a slit cut m at the apex enclosed 
m a screen wire housing was used with sue 
« pg<8 by Bath (1931) to entrap mosquitoes 
attracted to human scent The unit was 
mounted at the top of a window or m the 
wall of a building Mosquitoes entering 
the slit were confined between the ndge and 
housing screens In the "West Indies South 
and Central America animal baited traps 
have reached their highest state of devel 
opment hlagoon (1935) illustrated a 
stable trap for the capture of anopheles 
mosquitoes in Jamaica Earle and Howard 
described the portable stable trap em 
ployed m Puerto Rieo and stressed the value 
of studies of mosquito densities in the di 
reetion of control work. Earle (1934 1937) 
used animal baited traps for a number of 
years to determine the feeding preferences 
of anopheles and to trace the reduction in 
density of A albmanus Wied resulting 
from mosquito control measures Carr 
Melendez and Ros by means of calf baited 
traps found A clbimcnus most abundant 
m the areas of greatest malarial incidence 
m the Province of Havana Pereira Bar 
reto captured A darling* var paulutensis 
and other Brazilian anopheles attracted to 
a horse and Qabaldon illustrated the burro* 
baited stable trap used in Venezuela 

In a comparison of animal baited and 
mechanical mosquito traps in Panama 
Curry stated that the mechanical suction 
fan light trap was notably inefficient in 
obtaining information as to density of 
flights A portable muslin and netting 
cage which could be suspended over an 
animal by cords was devised by Shannon 
(1939) prmcipally for the capture of non 
anophebne mosquitoes In the capture of 
A m«ca2ipenn« emerging from hibema 
tion quarters in Central Russia Khelevin 
(1938) employed glass plates covered with 
a mixture of one part castor oil and two 
parts colophony 

In the eastern Umted States electric 
light traps have been widely used for sam 
pling mosquito populations. The evolution 
of the New Jersey light trap from an lUn 
minated sugar can to electric fan suction 
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Distedctiov bt Hand 

The systematic collection of mosqaitoea 
in dwellings as a prophylactic measure 
against malaria ongmated in the Canal 
Zone according to LePrince and Oreostem 
(1916) There it was adopted as a stand 
ard procedure following its successful nse 
in a temporary camp at Cocoli in 1908 
Universal application has been found for 
modifications in the technique of collecting 
mosquitoes with a cylindrical glass tabe 
about 4 5 inches long and one inch m diam 
eter irt the closed end of which were lo* 
eated cut up rubber bands saturated with 
chloroform The capture of live epectmens 
has been facilitated by the use of glass 
tubes haviog an inward opening funnel 
fused in one end and a suction tube affixed 
in a cork at the other end 

LePnnce (1926) stressed the valne of 
destroying anopheles m dwellings particn 
larly when permanent measures tempora 
nly fail and noted that their resting habita 
frequently make the fly swatter and collect 
ing tube effective in the reduction of ma 
larial transmission even m unscreened 
buildings 

Reitler estimated that malaria was re- 
duced to one fifth on a construction project 
10 Palestine largely through the collection 
of female d. superpicius Grassi and A 
sergenh Tbeo from resting places among 
dark woolen garments Collections were 
made with test tubes wetted on the inside 
with kerosene 

In Europe, Hactett (1937) remarked 
that programs for collection of adults were 
unsuccessful in groups of individuals not 
under rigid discipline because there was no 
way to compel villagers to capture mos 
quitoes and a few recalcitrants might 
render the whole campaign meffective 


Mosquito collections in houses enabled 
Davey and Gordon (1933) to reduce to a 
mathematical formula the relaliondiip be- 
tween infected anopheles densities and the 
possibility of inoculation with malaria 
from di/ferent species or in different local 
ilies 

Nets 

Since ancient times protection has been 
obtamed from the bites of mosquitoes by 
the use of nets As an emergency measure 
they have been used as bed nets head nett 
and as accessory parts of other devices 

Ilnssell and Nono (1934) considered it 
likely that nets are the most important de 
fense against malaria in the Phihppmes 
where permanent screenmg is out of the 
question because of the loose constmction 
of rural habitstioas These authors found 
that the locally made smamay netting of 
about 16 by 20 mesh per inch with fibers 
averaging 0 13 inch diameter would ex 
dude all anopheles and most other mos 
qnitoes Bed nets illustrated in this report 
were made completely of netting for man 
mum circulation of air llarzinovsky rec 
ommended bed nets with cloth tops to keep 
dost from fallmg on the sleeper and cloth 
bottom edges to exclude scorpions and 
snakes 

The use of nets for protection from A 
gambvze was urged by Thomson m South 
em Hhodesia and by Thornton in Natal 
Qater concluded that m Malaya 22/23 
mesh cotton net was adequate to exclude 
anopheles In Africa nettmg of 25/2S 
mesh cotton afforded protection from A 
gamhvie and A funeslus according to J T 
Brown (1934) and to Hargreaves (1936) 
Covell (1931a) pomted out that the mos- 
quto nettmg suppbed to the British Army 
in Hidia js 25/26 mesh woven cotton thread 
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of soft natron soap with the addition of 
methyl alcohol 

In India Sinton and "Wats (1935) tested 
the efficiency of various insecticidal sprays 
in the destruction of adult mosquitoes and 
found that a solution of one part of a 
standardized concentrated eitraet of pyre 
thrum flowers (Pyrocide 20) in 19 parts of 
refined kerosene gave results approxi 
mately equal to those of the best pro- 
prietary brands at about half the cost 
These authors stated that the spray was 
improved by the addition of 5 per cent oil 
of citronella i to 1 per cent oil of sassafras 
or 4 to S per cent oil of pine Manifold 
(1939) remarked that a popular formula 
for the spraying of huts barracks and 
tents was made up of paraffin oil second 
grade 124 oz extract of pyrcthrum 2 oz 
carbon tetrachloride 4 oz oil of eitroneUa 
8 oz and gasoline (Petrol) 22 oz 
Sprays of pyretbrum extract (Pyrocide 
20) m 19 parts of kerosene yielded satis- 
factory results in many anti mosquito cam 
paigns Chopra (1938) added one part 
of pine Oil to the mixture Covell Mulligan 
and Afridi (1938) obtained favorable cost 
comparisons with temporary anti larval 
measures de Burca (1939) believed re- 
duced incidence of malaria among troopa 
in a cantonment followed a spray program 
and Russell and Knipe (1939) concluded 
that the weekly spraying of houses and 
sheds prevented malana transmission to 
a marked extent Barreto (1929) added 
pyretbrum to the kerosene and carbon 
tetrachloride sprav used originally in the 
Eio de Janeiro yellow fever epidemic in 
order to destroy adult anopheles m BraziL 
In the United States outdoor gathermgs 
have been provided temporary protection 
from mosquito attack by using sprays 
Qmsburg (1935) reported a senes of satis 
factory trials of a pyrethrom lamcide 
spray for this purpose. In one formula an 
emulsion of 100 gallons of kerosene con 
taming extract of pyxethrum m the 
amount equal to 100 pounds of flowers 6 
pounds of Gardmol concentrated wet 
ting agent and 50 gallons of water was 
diluted with 10 or 12 parts of water 
Power spravers appbed the diluted mate- 


rial to the vegetation and as a mist m the 
area to be protected In Florida, King 
Bradley and McNeel (1937) obtamed a 
high degree of mosquito repulsion in an 
nneleared area with pyretbrum extract 
pme tar oil oil of citronella and kerosene 
sprays In a cleared area however none 
of tose sprays was effective during the 
fimt mosquito flight period The behavior 
of the insects suggested that they were 
affected chiefly upon coming in close con 
tact with the sprayed vegetation rather 
than by odors earned through the air 
Among the methods used for destroying 
disease transmitting mosquitoes in aircraft, 
Symes (1937) recommended spraying the 
compartments immediately after depar 
ture from an airport with a mixture of 1 
part concentrated extract of pyrethmm 
16 part of white kerosene and 68 parts of 
carbon tetrachloride Ross (1938) de- 
scribed tbe use of aqueous base and carbon 
tetrachloride extracts of pyrethrum m air 
craft of the Impenal Aii^sys AppLca 
tion was made with dry mist vaporizers 
and sprayers operated by a soda water 
siphon bulb containing carbon dioxide 
under 400 pounds pressure 
GrifStts (1933) demonstrated the ability 
of mosquitoes to enter tbe United States 
from Central America in aircraft and en 
doised the procedure of fumigating air 
planes under emergency conditions and 
precedii^ overhaul with as much as 8 
ounces of hydrocyanic acid per 1000 cubic 
feet m the form of Zykion discoids 
Williams (1940) outlined the procedure 
of the Public Health Service to prevent the 
introduction into the United States of mos- 
quitoes infected with yellow fever from 
South American ports to prevent the in 
troduction of A garribute from eastern 
Sonth America and to prevent the intro- 
duction of any anopheles from the west 
coast of the United States mto the Hawai 
lan Islands. The methods of spraying the 
fuselage of all planes from South America 
with a concentrated pvrethmm spray (2 
grams pyrethnns in 100 cubic centimeters 
of light oil) as de&cnbed by Williams and 
Dreesen (1935) and by Welch (1939) was 
changed to spraving the interior of the 
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models equipped with time clocks can be 
traced m the reports of Headlee (1932) 
In these traps a \ertical sheet metal cylin 
der IS corered by a conical roof spaced some 
distance above its upper end The attrac 
tu e light source is located directly under 
the roof which acts as a reflector An elec 
trie fan is mounted m the upper portion of 
the cylinder and a screen funnel emptying 
into a cyanide jar is placed below the fan 
Insects attracted to the light are sucked 
through the fan and are killed in the cya 
mde jar The value of these instruments 
in evaluating anti mosquito work has been 
demonstrated bj Mulhern{1940) Bishopp 
Cojy and Stone (J933) in a mosquito snr 
vey of the Chesapeake Baj section ob 
served that A quadnmaculclus and A 
punctipenna did not enter these light traps 
w proportion to their relative abundance 
In Florida Bradley and McNeel (1935) 
traced aeasonal variations lo the abundance 
of A cructans and other mosquitoes by 
means of New Jersey traps Carnahan 
(1939) found about 6 per cent of alt speci 
mens collected m these light traps near 
Miami an airport of possible entry of ex 
otic species into the United States were 
A crucians Wied., A walkert Tbeo A 
quadntnaculaius Say and A airopos D 
and K. represented in that order of abon 
dance 

Johnson (1937) captured A walknt m 
abundance in Tennessee with similar traps 
m an area where hand catches were nega 
tire to that species As various colors were 
tested the attractiveness of the light in 
creased through the visible spectrum from 
red to violet 

Jnfra red and photographic red bgbt did 
not attract anopheles but ultraviolet did 
so slightly 

Beports of mosquito collections by means 
of New Jersey type light traps mclnda 
Botsford and Turner (1933) Steams Me 
Creary end Newhouse (1933) McCreary 
(1939) and Shields (1938) Storage bat 
terj operated devices patterned on these 
traps have been used by Butts (1937) in 
New Jersey and m a 'Works Progress Ad 
mmistration Project m Delaware (1939) 


Sprays 

Previous to the widespread adoption of 
PjTethrum m kerosene oil sprays for the 
destruction of adnlt mosquitoes 3fsnseD 
(1930) recommended a spray composed of 
1 per cent pure carbon tetrachloride 2 per 
cent methyl salicjlate in second quality 
kerosene with the addition of oae-toarlb 
pound naphthalene to each gallon applied 
at the rate of 5 fluid ounces to 1000 cubic 
feet and Barber (1936a) found a saturated 
solution of naphthalene in kerosene cheap 
and moderately effective 

In Africa Thornton (1934 1936), 
Booker (1935 1936) and Ross (1936) p^ 
ported campaigns against A gatnhiae and 
A iuneslus m which the systematic and 
eCBcient sprajung of native dwelhngs with 
a pj rethrum spray prevented epidemic ma- 
lana m every case in which they were m 
stitnted Huts representing a population 
of more than 50000 natives were inelnded 
in certain spray programs 

In Europe SweJlengrebel (1934) cob 
ducted extensive experiments on the de- 
struction of adult mosquitoes in buildings 
With pyrethrum sprays Ngkamp and 
SweHcngrebel (1934) recommended a spray 
for stables which was composed of kerosene 
550 cubic centimeters vaselme oil 4o0 
cubic centimeters methyl salicylate 20 
cubic centimeters oil of sassafras 10 cubic 
centimeters and pyrethrum extract 10 
grams Spraying was considered a routine 
and not an experimental procedure by 
Schuler and SweUeagrebel (1938) These 
authors concluded that spraying against 
anopheles in a state of sexual mactivitv in 
houses m late summer prevented from 50 
to 92 per cent of the malaria that would 
otherwise occur m the following year 
Nabokov and Tiburskaya (1936) ob- 
tained excellent results against anopheles 
in daytime shelters m peat bogs near Mos 
cow with a 10 per cent benzine extract of 
pyrethrum with the addition of phenyl and 
methyl salicylates when applied at the 
rate of 10 fluid ounces per 1000 cubic feet 
"Viktorov estimated that at least 90 per cent 
of mosquitoes in houses and tents were de- 
stroyed by spraying with a water solution 
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(14) methyl cinnamate (15) menthol 
(16) cedarwood oil (17) citrol (18) e<m 
marm (19) beta naphthol ethyl ether 
(20) geraniol These authors BUi.gested 
that the influence of certain atomic groups 
on insects might act as a guide m the 
sesTch for more eSectiTC repeUents Alco- 
hols ketones and aldehydes 'were in gen 
eral more efScient than other groups 
Rudolfs (1926 1930) studied the response 
of mosquitoes to many of the organic com 
pounds associated mth animal and hnman 
odors and tested a large number of oils 
solvents and organic compounds as repel 
lents for non anopheles Gibson (1935) 
reported testa on several well known repel 
lent formulae 

Oil of citronella one of the most eSective 
and popular repellents was mixed with an 
equal part of olive oil by Cooley and others 
Freeborn found a mixture of 3 ox oil of 
citronella 1 oz spirits of camphor 1 oz tar 
oil i ox oil of pennyroyal and 4 ox castor 
oil effective against Aedes mosquitoes and 
Manifold (1939) stated that the British 
army m India Egypt and Palestine used 
a modihcation of Dover s repellent consist 
mg of oil of citronella 13 25 per cent cam 
pbor 1 00 per cent cedarwood oil 9 00 per 
cent paraffin duram 26 75 per cent and 
paraffin molle white 49 00 per cent Mac 
Nay (1939) recommended i fluid ox oil of 
thyme 10 fluid oz extract of pyrethrum 
<0 2 pound of flowers) and 2 to 3 fluid ox 
castor oil as being effective for 3 to 5 hours 
against Aedet species 

Granett (1940) gave results of compare 
live tests of established repellent sub 
stances and a recently developed propne 
tary synthetic organic chemical mixture 
containing diethylene glycol monohu^I 
ether acetate diethylene glycol monoethyl 
ether ethyl alcohol com oil and perfome 
Developed from tests of nearly 1000 com 
pounds and mixtures this lepeHent 'ras 
found to be definitely superior to citronella 
and 42 representative proprietary products 
in lasting power and desirable accessory 
properties 

Deviation 

In Macedonia the investigations of Bar 


her and Rice (1935) comparing the attrac. 
tion to humans of A elutus and A maculv- 
pennu varieties typ%erts and messeae illus- 
trated the necessity of knowing the degree 
to which local anopheline species are 
attracted to animals before judging the 
effectiveness of animal barriers 

In China although A hyreanus var 
stnensis Wied was found to be zoopbiloua 
Toumanoff and Hu (1935) judged devia 
tion by animals was not complete In the 
Philippines Russell (1934) was unsuccess 
ful in protecting a native house from A 
mintmur var /!av»roifr« by the use of 
four water buffalos In Kenya Symes 
(1930) showed that cattle stabled within 
native dwellings afforded the inhabitants 
little protection from A gamhiae and A 
funestus 

In Argentina precipitin tests by Davis 
aod Shannon (1928) showed 50 per cent of 
A psevdopvnciipennxs taken in houses to 
have led tm man In \eiiezuela Hill 
found A olbimsnus fed on man in large 
numbers and m Puerto Rico precipitin 
tests confirmed observations that A ffrai 
kamt preferred animal blood to that of 
man In Mexico the majority of A 
p$eudopunci\penn\s captured m houses in 
Temaco by Vargas (1938) contained 
human blood 

In Canada Hearle observed that A 
maeulipennis attacked animals in prefer 
enee to man on the prairies and in the 
United States Bojd (1930U) suggested 
(from precipitin testa on blood from 
anopheline stomachs in North Carolina) 
that the nocturnal presence of cattle in the 
Vicinity of dwellings was associated with 
redut-ed malaria and that this was probably 
accomplished by a diversion of A quadrt- 
maeulalus from man to cattle Christ 
ophers and Missiroli (1933) judged that m 
general this use of cattle will be confined 
as a practical measure to conditions where 
the cattle form an integral part of an 
agrarian scheme Hackett Russell Scharff 
and Senior White (I93S) considered deiia 
tion the only naturalistic measure showing 
promise of success or worthy of the expen 
diture of public funds 



306 




planes at a port remored from both the 
infected territory and the nearest United 
States port A power sprayer was espe 
ciallr designed with an accurate metering 
device and an adjustable nozzle with a 
pressure release to prevent dripping of 
insecticide 

Fumioatiov 

Sulfur burned alone or in combination 
with other materials has long been a mod 
erately effective method of fumigation 
agamst adult mosquitoes in spite of its dis- 
advantages Ananyan (1929) burned a 
mixture of dung and sulfur to dnve A 
macuUpennts into box traps on the top of 
cow sheds m Armenia and Cljde found 
that burning a mixture of equal parts of 
sulfur ^lnd powdered waste tobacco was an 
effective fumigant To reduce fire hazard 
habokov (1929) experimented with the 
generation of snlfnr dioxide from sodium 
sulfite and sulfuric acid He also con 
strocted an apparatus m which the fumes 
from burning sulfur or tobacco on three 
dishes placed one aboie another in a metal 
eylmde* were earned off by a pipe affixed 
to a conical lid 

James (1935) cleared barracks of anoph 
eles by burning pyrethrum to drive them 
into a net bag mounted on a dark cloth 
stretched over a window Booms were 
darkened so that the trap bag was the only 
hgbted area visible to the anopheles. The 
less effective fumigants cresol and sulfur 
were also used Treillard (1934) recom 
mended the dripping of cresol on a hot 
plate in fumigating against anopheles in 
Indo-China. 

A finely ground slaked limedcst impreg 
nated wito 5 to 10 per cent anabastne sul 
fate and appbed at the rate of 5 ounces per 
1000 cubic feet was effective agamst hiber 
natmg mosquitoes m Russia according to 
Kremer nnd Kuvichinsbii (1937) and Pivo- 
varov and Gutennan (1937) Benyamin 
son and Nabokov destroyed hibernating 
mosquitoes m freezing temperatures mtli 
2 ounces of pyrethrum dnst per 1000 cubic 
feet and May forma capers of heia 
chlorethane tome but not very practical m 
the control of mosquitoes m closed spaces 


POISON'S 

In experiments with poisoned baits 
for destrojing adult anopheles Lischelti 
(1927) mixed honey with merenry bichJor 
ide bone acid arsemous anhydride potas- 
sium arsenite or potassium cyanide Po- 
tassium ar«enite proved most satisfactory 
potassium cyanide though most active 
soon lost Its toxicity 
The supposed toxic effect of coumarm on 
malarial parasites when ingested from 
clover by female anopheles was not sup- 
ported by experimental evidence (JIavne 
1930a) Stratman Thomas (1931) eonsid 
cred that any correlation between the 
planting of legnminous plants and reduc 
lion in malarial incidence was due to dram 
age neecssarv in growing the crop 

Repellexts 

Coogle (3925) repelled mosquitoes from 
unscreened and dilapidated houses by pres, 
sure spraying creosote at the rate of one 
gallon per 450 square feet of intenor wall 
surface 

Gutrentch and Podolyan (1935) re* 
polled mosquitoes with smoke candles made 
from a mixture of 100 gm of pyrethrum 
powder (pyrethrm content 2S per cent) 
50 oz semi liquid wheat flour paste 2o oz 
potassium nitrate 25 oz sawdust and 50 to 
70 fluid oz water Candles about one centi 
meter square cut from the viscous mixture 
were dried and burned at i-2J oz per 1000 
cubic feet as a repellent or 3-1} oz per 100 
cubic feet as a fumigant 
Repellents for the protection of mdi 
viduals from mosquito attack have been 
concocted on a rather empirical basis until 
recently Bunker and Hirsehfelder (1925) 
set forth the desirable charactenstits of 
such substances for personal use and tested 
the effect on mosquitoes of most of the ma 
tenals recommended in earlier bterature 
Twenty substances listed m their general 
order of effectiveness were (1) citronehol 
(2) caprjho alcohol (3) benzyl alcohol 
(4) geranyl acetate (5) hnalvl acetate 
(6) amyl sabcylate (7) acetophenone (8) 
oleum picis Iiquidae rectifaetum (9) 
phenyl propyl alcohol (10) ohver oil (11) 
eitronellal (12) camphor, (13) vanillin 
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means for securing malarial control re 
markablj little progress has been made in 
the past 20 years iQ the application oi this 
measure ou a group or regional basis This 
may be due in part to the discovery in 
1922 that Pans green was a useful anophe 
Ime lamtide The years which have fol 
lowed its first use have shown however 
that it possesses the limitations inherent in 
all larvieides 

Rural Housing in the Southeastebn 
United States 

Rural homes ot the tenant class in the 
Southeastern States are usually very poor 
The average dwelling of this class usually 
has many erachs knot holes and other open 
mgs in the floors walls and ceilings These 
openmgs must be closed in addition to ap> 
plying screens to docirs and windows before 
the house offers a reasonable protection 
against mosquitoes 

Fullerton and Bishop (1933) presented 
a detailed program and plans for improved 
rural housing m the malarious areas of 
Tennessee A bulletin of mstnictions 
structural plans and specifications was 
published and msde available to builders 
through county health departments It 
was shown that b> proper planning and 
construction houses could be buiH at very 
httle increased cost which would offer pro 
tection against mosquitoes Moreover the 
planned houses were arranged more con 
vemently and offered greater protection 
against the cold of winter and the heat of 
siMimer Atteution was directed to the 
possibilities of effectin,, economies con 
vemences and sanitary improvements by 
planned grouping of houses It was em 
phasised that by making a studv of avail 
able sites the house or group of houses 
might be located beyond flight range of A 
gttadnmacvlatus breeding areas 

This possibility of lessening malaria 
transmission on large plantations or tracts 
of land by systematically locating bouses 
bevond flight range of mosquito breeding 
areas is deserving of more attention It 
would m no way interfere with the normal 
use of land as pasturage and agricnltore 


would continue as usual but it would re- 
quire restriction of the use of land within 
flight range of breeding places to daytime 
occupancy 

The Tennessee Bulletin on rural housing 
set out plans for improved construction of 
houses from materials now m common use 
In this connection there is a construction 
method deserving of mention, which is as 
yet little used m the south It is the type 
of construction where walla of the house 
are made of pise du terre or rammed 
earth It has been fully explored and tried 
m the United States and elsewhere and has 
proved economical serviceable and durable 
The usual construction is to make the walls 
14 to 16 inches m thickness of rammed 
earth with floors ceiling roofs and door 
and window frames of the usual wood eon 
stTUction A foundation of conciete or 
masonry is required to extend a few inches 
above the ground line The best mat rial 
for rammed earth construction is a sub soil 
clay or loam containing 30 to 50 per cent 
sand Pure clay is not suitable because it 
tends to crack end flake upon drying The 
walls are usually constructed in short see 
tional coursps about S feet m height Three 
or 4 forms ere all that are necessary as 
their use may be alternated The forms 
must be constructed of heavy material and 
tied with steel rods as in forms for con 
Crete An alternate to the monolithic con 
stniction w the pre-cast rammed earth 
blocks which upon being Cured are used 
m buildmg the walls as bnck tile or con 
Crete bloc^ would be used 

It IS important that the earth contain 
just the proper amount of moisture Ram 
utng must be thorough with tools designed 
for the purpose Farther details may be 
found in the literature listed in the refer 
ences under Betts and hLller (1937) El 
hagton (1938) Pattv (1936) Patty and 
Minimum (1933) and 'Williams Ellis Clough 
(1920) This tvpe of structure tends to 
facilitate complete mosquito-proofing since 
cracks and crevices so common to the walls 
of frame structures are minimized. 

The Resettlement Administration built 7 
houses of rammed earth construction at 



HOUSING WITH SPECIAL REFERENCE 
TO MOSQUITO-PROOFING FOR 
MALARIA CONTROL 

By CALVIN C KIKER 

UNITUT KNOINUB BZILTB BimT DtPAKTVEVT TEVSESSEE TlUXT lUTHOaiTT 

VILBOH DtU, AUBAUA 

Housmo ina7 influence pcpional health measures which tend to prevent the growth 
in many ways Certain diseases are in of marginal vegetation All other measures 
creased by the crowded condition found in directed toward the prevention of mos- 
the slums of great cities while others are quito propagation are of secondary efB 
favored by the inadequacy of houses in cer ciency 

tf»in of the rural sections The discussion Likewise measures directed toward the 
here will be Iinuted to housing with par prevention of malaria transmission must 
tienlar reference to its relation to malaria be considered to be secondary control mea 
transmission in the Southeastern States sures This does not imply that they lack 
It must be stated in the beginning that importance The general nature of the 
health organizations in the Southern States malaria problems of the United States r^ 
perhaps without exception consider the quires the use of secondary control mea 
most effective and satisfactory approach to sures in manv instances In situations 
malaria prevention to be through the con where malaria is most prevalent it is often 
trol of A guadnmaculatus, the only im associated with collections of water which, 
portant vector of the disease in this r^on from an economical standpoint cannot be 
The soundness of this approach is not ques- eliminated by drainage or filling nor can 
tioned smee there can be no malaria trans mo^uito propagation m them be accom 
mission m the absence of the vector A plished by other biological control measures 
quadnmaculatuJ is highly selective as to its or by larvicides Under these conditions 
place of propagation and for the most part the improvement of homes by the applies 
the aquatic development takes place only tion of mosquito-proofing to lower the rate 
m the still parts of shallow natural or arti of biting frequency is probably the most 
ficial ponds where the surface is ov ergrown practical economical and effective malarial 
with vegetation or is covered with flotage control measure available 
There are many ways of preventing or Shortly after the discovery of the role 
limiting emergence of the vector which are plajed by anopheles mosquitoes m malaria 
discussed in detail elsewhere in this vol transmission the principal bionomic char 
time hence only brief mention will be acters of A guadnmaculatus were defined, 
made of them here The fact that this mosquito confines its 

The only completely effective mosquito search for blood to evening and night 
control measures are those which elimmate hours when rural families are usually m 
the breeding areas permanently usually their homes was soon discovered This ob 
bv drainage The principle of this method servation led naturally to a search for 
IS applied also to bodies of water which can ods which would prev ent the entrance of 
not be eradicated such as impounded lakes mosquitoes into homes and mosquito proof 
In them environment unfavorable to lag was advocated by many health workers 
anopheline propagation is produced tem In spite of the fact that improved bous 
Tjoratily at appropriate intervals by chang mg including mosquito proofing has been 
^ ff the water level combined with other advanced for many years as a practical 
st» 



HOUSINQ WITH REFEREVCE TO MALARIA CONTROL 


means for securing malarial control re 
markably little progress ha, been made in 
the past 20 jears in the application oi this 
measure on a group or regional ba is This 
may be due in part to the discovery m 
19,.2 that Paris green was a useful anophe 
line lamcide The years which have fol 
lowed its first use have shown however 
that it possesse" the limitations inherent m 
all larvieides 

Rural Housino in the Southeasterv 
United States 

Rural homes of the tenant class m the 
Southeastern States are nsually very poor 
The average dwellinf, of this cla'is usually 
has many cracks knot holes and other open 
mgs m the floors walls and ceilings These 
openmgs must be closed in addition to ap- 
plying screens to doors and windows before 
the house offers a reasonable protection 
against mosquitoes 

Pnllerton and Bishop (193S) presented 
a detailed program and plans for improved 
mral honsmg m the malarious areas of 
Tennessee A bulletin of instructions 
structural plans and specifications was 
published and made available to builders 
through county health departments It 
was shown that by proper planning and 
construction houses could be built at very 
little mereased cost which would oflfer pro 
tf*ction against mosquitoes Moreover the 
planned houses were arranged more con 
veniently and offered greater protection 
against the cold of winter and the heat of 
summer Attention was directed to the 
possibilities of effecting economies con 
veniences and sanitary improvements by 
planned grouping of houses It was em 
phasized that by making a study of avail 
able sit« th« house or group of houses 
might be located bejond flight range of A 
guadrtmaculatus breeding areas 

This possibility of lessening malana 
transmission on la^e plantations or tracts 
of land by systematically locating bouses 
beyond flight range of mosquito breeding 
areas is deserving of more attention It 
would m no way interfere with the normal 
use of land as pasturage and sgricultare 


would continue as usual but it would re- 
quire restriction of the use of land withm 
range of breeding places to daytime 
occupancy 

The Tennessee Bulletm on rural housing 
set out plans for unproved construction of 
houses from materials now in common use 
In this connection there is a construction 
method deserving of mention which is as 
vet little used in the south It is the type 
of construction where walls of the house 
are made of pise du terre or rammed 
CdTth It has been fully explored and tried 
m the United States and elsewhere and has 
proved economical serviceable and durable 
The usnal construction is to make the walls 
14 to 16 inches m thickness of rammed 
earth with floors ceiling roofs and door 
and window frames of the usual wood con 
struetion A foundation of concrete or 
masonry is required to extend a few inches 
above the ground line The best material 
for ratamed earth coustnietion » & aub toil 
day Or loam contdining 30 to 50 per cent 
sand Pure clev is not suitable because it 
tends to crack end flake upon drying The 
walls are usually constructed in short eec 
tional courses about 3 feet m height Three 
or 4 forms are all that are necessary as 
their use may be alternated The forms 
must be constructed of heavy material and 
tied with steel rods as in forms for con 
Crete An alternate to the monolithic eon 
struetion la the pre cast rammed earth 
blocks which upon being cured are used 
in building the walls as bnek tile or con 
Crete blocks would be used 

It is important that the earth contain 
just the proper amount of moisture Ram 
ming must be thorough with tools designed 
for the purpose Further details may be 
found in the bterature listed in the refer 
ences under Betts and Miller (1937) El 
lu^n (1938) Patty (1936) Pattv and 
Minimum (1933) and Williams Ellis Clough 
(1920) This type of structure tends to 
facilitate complete mosquito-proofing since 
cracks and crevices so common to the walls 
of frame structures are minimized 

The Resettlement Administration built 7 
houses of rammed earth construction at 
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Mt, Olive a suburb of Birminsham Ala 
bama in 1937 These houses were czammed 
m 1940 after 3 j ears’ use Thej were all 
occupied and in good condition and were 
reported to be unusually cool in summer 
and warm m winter 

There is a real need for study of rural 
housing by health agencies looking tovrard 
specifications which would permit con 
struction at a cost of $100 per room 
Bammed earth construction of homes of 
simple design the forms for which might 
be made available through a county agency, 
may be a partial aolution of the problem 
Construction with conventional materials 
does not appear to offer hope that the goal 
IS attainable 

MosQUITO•PEOo^^a 

'While improved housing is necessary for 
satisfactory and durable mosquito-proofing 
health workers are reluctant to wait until 
such a profound change can be brought 
about m areas where secondary control mea 
Bures are indicated Mosquito-proofing is 
not an easy task in the average rural bouse 
in areas of endemic malaria for malaria 
apparently begets poor housing through 
lowering the economy and the mild climate 
of the deep South is ccrtainlj not conducive 
to special efforts to making the houses tight 
as protection against extremes of tern 
perature 

Some of the principal difficulties encoun 
tered m mosquito proofing these bouses 
most of which are constructed of poor 
grade lumber are (1) Cracks m the Soors 
between the planks which also frequently 
sag due to inadequate Support (2) cracks 
and knot holes in the walls and ceiling (m 
some cases there are no ceilings ) , and (3) 
deteriorated door and window frames hav 
mg such uneven faces that replacement is 
necessary for adequate fitting of screens 
and doors. 

In spite of the poor condition of most 
rural houses m the South health orgamza 
tioas have developed reasonably effective 
methods of rendermg them mosqmto-proof 
and there have been notable cases of mass 


mosquito-proofing some of which deserve 
mention 

In about 1927 the Lake County Tennes- 
see Health Department undertook the pro- 
motion of a county wide screening program 
which in the next 3 v ears resulted in some 
improvement to practically all rural dwell 
mgs in the countv (Melenej and Crabtree 
1934) 

In 192&-I928 C P Coogle epidemiolo- 
gist with the U S Public Health Service 
directed the screening and mosquito proof 
mg of 500 rural houses in LeFlore County 
Mississippi The expenences on this and 
other work in Mississippi were set out m 
bulletins for use of others engaging m the 
work A control of nonmosqmto-proofed 
houses was established for observation m 
the LeFlore County work and the differ 
ences in malarial rates in the two areas is 
given in the following table 
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This screened area was visited by the 
writer in October 1940 Most of the door 
frames were found to be in serviceable con 
ditioo although the original screen wire 
was gone in many cases Some of the orig 
inal window screens located m protected 
places were in serviceable condition Some 
limited maintenance had been carried out 
by the owners or occupants of the houses 
In 1930 representatives of the Alabama 
State Department of Public Health visited 
the mosquito proofing work m Tennessee 
and Mississippi for the purpose of obtain 
in^ information on methods and proce- 
dures Subsequently for a period of about 
2 years organized effort at mosquito-proof 
mg Was earned out in a number ol Ala 
bama counties The volume of tie mos- 
qnito proofing resulting was not large but 
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tie ■work 'was considered to have value as 
an educational measure 

Tie completion of mosquito-proofing on 
a group of 700 rural houses located about 
the Tennessee Valley Authority s "Wieder 
Reservoir on the Tennessee River in North 
Alabama provides more recent information 
and data on this subject ("Watson and 
Maher 1940 Kiker and Breedlove 1941 
Watson and Riee 1941) 

The marginal areas of the central part 
of the "Wheeler Reservoir are characterized 
by extensive shallows where a combination 
of rich alluvial soil moisture and water 
tolerant plants has made it very difficult if 
not impracticable to provnde completely 
effective control of A guadrimaeulaitis 
through biological means In attempting 
to control or limit mosquito production 
from these areas Pans green dust was ap 
plied as a larvicide by use of airplanes 
Routinely however it was found difficult 
to obtain a kill of larvae approaching 90 
per cent -with Paris green dust This failure 
to obtain a complete kill of larvae per 
nutted a significant emergence of A quad- 
nmacvlaivs since the sue of the breeding 
areas m question is very large A further 
difficulty was that mosquito production oc 
curred from natural breeding areas border 
ing the reservoir which were m no way af 
fected by the impoundage It was seen 
therefore that regardless of the degree of 
mosquito control obtained on the lake suf 
fieient A quadrmaculatui would emei^e 
from the natural ponds for serious malaria 
transmission 

The question of alternative methods of 
control was placed before the Tennessee 
Valley Authority s Board of Malaria Con 
sultants which recommended that mos 
quito proofing be tried and studied over a 
period of some 5 years to obtain informa 
tion on effectiveness and costs from which 
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a decision might be made as to the place of 
mosquito proofing in malaria control asso 
ciated with impounded waters The Ala 
baraa State Department of Public Health 
agreed to employment of mosquito proofing 
as a temporary substitute for larvicide in 
tertam areas The Department adminis 
tercd the construction work which was 
financed by the Tennessee \ alley Author 
ity from an allotment for malaria control 
on Lake Wheeler Controls of nonmos 
quito proofed houses were established The 
study was begun in 1938 and has been car 
tied out as a cooperative endeavor between 
the State Department of Public Health and 
the Health and Safety Department of the 
Tennessee Valley Authoritj 
The initial mosquito proofing work com 
pleted m the spring of 1938 embraced 100 
bouses m the Harris Station Area The 
results obtained during the fir^t season of 
transmission were inconclusive but were 
so encouraging that additional groups 
totaling 243 bouses were mosquito proofed 
during 1939 The second season s obsen a 
tious tended to confirm the firut and a 
further expansion was made during 1940 
bringing the total to 702 houses mosquito- 
proofed to date Data bearing on effec 
tiveness are shown m the following two 
graphs 
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Mt Olive, a suburb of Binningham AJa 
bama in 1937 These houses were examined 
m 19-10 after 3 years’ use Thej were all 
occupied and m good condition and were 
reported to be unusually cool in summer 
and warm m winter 

There is a real need for study of rural 
housing by health agencies looking toward 
specifications which would permit con 
struction at a cost of $100 per room 
Rammed earth construction of homes of 
simple design the forms for which might 
be made available through a county agenc> 
may be a partial solution of the problem 
Construction with conventional materials 
does not appear to offer hope that the goal 
13 attainable 

MosflurrO'PaooriNO 

"While improved housing is necessary for 
satisfactory and durable mosquito-proofing 
health workers are reluctant to wait until 
such a profound change can be brought 
about in areas where secondary control mea 
sures are indicated Mosquito-proofing is 
not an easy task in the average rural bouse 
m areas of endemic malaria for malaria 
apparently begets poor housing through 
lowering the economy and the mild climate 
of the deep South is certainly not conducive 
to special efforts to making the bouses tight 
as protectiou against extremes of tern 
perature 

Some of the principal difficulties encoun 
tered m mosquito proofing these booses 
most of which are constructed of poor 
grade lumber are (1) Cracks in the floors 
between the planks which also freqnently 
sag doe to inadequate support (2) cracks 
and knot holes in the walls and ceiling (m 
some cases there are no ceilings) and (3) 
deteriorated door and wmdow frames bav 
ing such uneven faces that replacement is 
necffisary for adequate fitting of screens 
and doors 

In spite of the poor condition of most 
rural houses m the South health organiza 
tions have developed reasonably effective 
methods of rendermg them mosquito-proof 
and there have Ven notable cases of mass 


mosquito-proofing some of which deserve 
mention 

In about J927 the Lake Count} Tennes- 
see Health Department undertook the pro- 
motion of a count} wide screening program 
which m the next 3 } ears resulted m some 
improvement to practically all rural dwell 
iijgs in the count} (Slelene} and Crabtree 
1934) 

In 1926-1928 C P Coogle epidemiolo- 
gist With the U S Pubhc Health Service 
directed the screening and mosquito proof 
ing of 500 rural houses m LcFJore Conntj 
Mississippi The expenences on this and 
other work in Mississippi were set out m 
bulletins for use of others engagmg m the 
work A control of nonmosquito-proofed 
houses was established for observation in 
the LePlore County work and the differ 
ences in malarial rates in the two areas is 
given in the following table 
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This screened area was visited by the 
writer m October 1940 Most of the door 
frames were found to be m serviceable con 
ditiOn although the original screen wire 
was gone in many eases Some of the ong 
lual window screens located m protected 
places were m servii-eable condition Some 
lumted mamtenance had been earned out 
by the owners or occupants of the ioases 
In 1930 representatives of the Alabama 
State Department of Public Health visited 
the mosquito proofing work m Tennessee 
and Mississippi for the purpose of obtain 
mg information on methods and proce- 
dures Subsequently, for a period of about 
2} ears orgamxed effort at mosquito-proof 
mg was earned out m a number of Ala 
bama counties The volume of the mos 
qmto proofing resulting was not large, but 
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the worl. was considered to ha\e vaiue as 
an educational measure 

The completion of mosquito-proofing on 
a group of 700 rural houses located about 
the Tennessee Valley Authority a Wheeler 
Reservoir on the Tennessee River in North 
Alabama provides more recent information 
and data on this subject (Watson and 
Maher 1940 Kiker and Breedlove 1941 
Watson and Rice 1941) 

The marginal areas of the central part 
of the Wheeler Reservoir are characterized 
by extensive shallows where a combination 
of nch alluvial soil moisture and water 
tolerant plants has made it very di&cult if 
not impracticable to provide completely 
effective control of A quadrimacvlatus 
through biological means In attempting 
to control or limit mosquito production 
from these areas Pans green dust was ap 
plied as a larvicide b> use of airplanes 
Routinely however it was found difficult 
to obtain a kill of larvae approaching 90 
per cent with Pans green dust This failure 
to obtain a complete kill of larvae per 
mitted a significant emergence of A quad 
nmaeutalus since the sue of the breeding 
areas in question is very large A further 
difficulty was that mosquito production oc 
curred from natural breeding areas border 
ing the reservoir which were m no way af 
fected by the impoundage It was seen 
therefore that regardless of the degree of 
mosquito control obtained on the lake suf 
ficient A quadnmaculatus would emerge 
from the natural ponds for serioim malana 
transmission 

The question of alternative methods of 
control was placed before the Tennessee 
Valley Authority s Board of lilalaria Con 
sultants which recommended that mos 
quito proofing be tried and studied over a 
period of some 5 jears to obtain informa 
tion on effectiveness and costs from which 
Dr M rt F Bojd Rockefeller Foundat oa Crf 
George C Dnnhara U 8 Ar«y Comm C B 
Stephen on U S Nary D T H D Cn9tts 
DLL. Williams J Mr J A LePnnce U 8 
Pubhc Health 8 rviee Mr G H Hailehural AU- 
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a decision might be made as to the place of 
mosquito proofing in malaria control asso 
eiat^ with impounded waters The Ala 
bama State Department of Public Health 
agreed to employment of mosquito proofing 
as a temporary substitute for larvicide in 
certain areas The Department adminis 
tered the construction work which was 
financed by the Tennessee Vallej Author 
ity from an allotment for malana control 
on Lake Wheeler Controls of nonmos 
quito proofed houses were established The 
study was begun in 1938 and has been car 
tied out as a cooperative endeavor between 
the State Department of Public Health and 
the Health and Safetj Department of the 
Tennessee Valley Authority 

The initial mosquito proofing work com 
pleted m the spring of 1938 embraced 100 
bouses m the Hams Station Area The 
results obtained during the first season of 
transmission were mconclusive but were 
so encouraging that additional groups 
totaling 243 bouses were mosquito proofed 
durmg 1939 The second season s observa 
tiODs tended to confirm the first and a 
further expansion was made during 1940 
brmgiog the total to 702 houses mosquito- 
proofed to date Data bearing on eSec 
tiveness are shown m the following two 
graphs 


Total Mossioirr Rates »t Ta&sE Test Areas 
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Mt Olue a suburb of Birmingham Ala 
bama in 1937 These houses were examined 
m 1940 after 3 j ears’ use The> were all 
occupied and m good condition and were 
reported to be unusually cool m summer 
and warm m winter 

There is a real need for study of mral 
bousing by health agencies looking toward 
specifications which would permit con 
Btruction at a cost of $100 per room 
Rammed earth construction of homes of 
simple design the forms for which might 
be made available through a county agency, 
mav be a partial solution of the problem 
Construction with conventional materials 
does not appear to offer hope that the goal 
IS attainable 

MOSQOTTO PaOOFTNO 

"While improved housing is necessary for 
satisfactory and durable mosquito-proofing 
health workers are reluctant to wait until 
Huch a profound change can be brought 
about m areas where secondary control mea 
sures are indicated hfosquito-proofing is 
not an easy task in the average rural house 
in areas of endemic malaria, for malaria 
apparently begets poor bousing through 
lowering the economy and the mild climate 
of the deep South is certainly not conducive 
to special efforts to making the houses tight 
as protection sgamst extremes of tern 
perature 

Some of the principal difficulties encoun 
tered m mosquito proofing these houses 
most of which are constructed of poor 
grade lumber are (1) Cracks in the fioors 
between the planks which also frequently 
sag due to inadequate support (2) cracks 
and knot holes m the walls and ceiling (in 
some cases there are no ceilmgs) and (3) 
detenorated door and vmidow frames hav 
mg such uneven faces that replacement is 
necessary for adequate fittmg of screens 
and doors. 

In spite of the poor condition of most 
rural houses m the South, health organiza 
tions have developed reasonably effective 
methods of rendering them mosquito-proof 
and there have been notable cases of mass 


m(wquito proofing some of which deserve 
mention 

In about 1927 the Lake Countj Teanes 
see Health Department undertook the pro- 
motion of a county wide screening program 
which m the next 3 jears resulted m some 
improvement to practically all rural dwell 
mgs m the connt> (Melenej and Crabtree 
1934) 

In 1926-1928 C P Coogle epidemiolo- 
gist with the U S Public Health Service 
directed the screening and mosquito proof 
ing of 500 rural bouses m LePlore County 
Mississippi The experiences on this and 
other work m hlississippt were set out m 
bulletins for use of others engagmg in the 
work A control of nonmosquito-proofed 
houses was established for observation m 
the LeFJore County work and the differ 
ences m malarial rates m the two areas is 
given ID the following table 
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This screened area was visited by the 
writer in October 1940 Most of the door 
frames were found to be in serviceable con 
ditioc although the original screen wire 
was gone m manv cases Some of the ong 
inal window screens located m protected 
places were m serviceable condition Some 
limited mamtenance had been earned out 
by the owners or occupants of the houses 
In 1930 representatives of the Alabama 
State Department of Public Health visited 
the mosquito proofing work in Tennessee 
and Mississippi for the purpose of obtain 
mg information on methods and proce- 
dures Subsequently for a period of about 
2 years organised effort at mosquito-proof 
was carried out m a number of Ala 
bama counties The volume of the mos- 
quito-proofing resulting was not large but 
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the work was considered to ha\e value as 
an educational measure 

The completion of mosquito-proofing on 
a group of 700 rural houses located about 
the Tennessee Vallej Authority s Wheeler 
Eeservoir on the Tennessee River in North 
Alabama presides more recent information 
and data on this subject (Watson and 
Maher 1940 Kiker and Breedlove 1941 
Watson and Riee 1941) 

The marginal areas of the central part 
of the Wheeler Reservoir are cliaracterized 
by extensive shallows where a combination 
of rich alluvial soil moisture and water 
tolerant plants has made it very difficult if 
not impracticable to provide completely 
effectise control of A quadrimaeulatus 
through biological means In attempting 
to control or limit mosquito production 
from these areas Pans green dust was ap 
plied as a larvicide by use of airplanes 
Routinely however it was found difficult 
to obtain a hill of larsae approaching 90 
per cent with Pans green dust This failure 
to obtain a complete kill of larvae per 
nutted a significant emergence of A quad 
nmaculatui since the sue of the breeding 
areas m question is very large A further 
difficulty was that mosquito production oe 
curred from natural breeding areas border 
mg the reservoir which were in no way af 
fected by the impoundage It was seen 
therefore that regardless of the degree of 
mosquito control obtained on the lake suf 
ficient A quadnmaculatus would emerge 
from the natural ponds for serious malaria 
transmission 

The question of alternative methods of 
control was placed before the Tennessee 
VaDey Authority s Board of Malaria Con 
sultants which recommended that mos 
quito proofing be tried and studied over a 
pened of some 5 years to obtain informa- 
tion on effectiveness and costs from wbieh 
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a decision might be made as to the place of 
mosquito proofing m malaria control asso 
ciat^ with impounded waters The Ala 
bama State Department of Public Health 
agreed to employment of mosquito proofing 
as a temporary substitute for larvicide m 
certain areas The Department adminis 
tered the construction work which was 
financed by the Tennessee Vallej Author 
ily from an allotment for malaria control 
on Lake Wheeler Controls of nonmos 
qnito proofed houses were established The 
study was begun in 1938 and has been car 
Tied out as a cooperative endeavor between 
the State Department of Public Health and 
the Health and Safetv Department of the 
Tennessee \ alley Authority 
The initial mosquito proofing work com 
pleted in the spring of 1938 embraced 100 
houses m the Hams Station Area The 
results obtained during the first season of 
transmuiSion were inconclusive but were 
so encouraging that additional groups 
totaling 243 bouses were mosquito proofed 
dnrmg 1939 The second season s observa 
tions tended to confirm tbs first and a 
further expansion was made during 1940 
bringing the total to 702 houses mosquito- 
proofed to date Data bearing on eSec 
tiveness are shown in the following two 
graphs 
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1 AU bovaebolds moaquito-proo/ed S Control 
area ao booBee noaqoJta proofed. 3 bfosqmto 
proofing 60 per cent eompleto Jdp 1 76 per cent 
Jnlj 15 100 per cent Aegust 1 Seale on left 
ii namber of eases per 100 persons 

The findings thus far tend to confinn 
some earlier data indicating that mosquitO' 
proofing IS a reasonably eSectire measure 
against malaria No final conclusions have 


bg strip shall he thorooghly dried elear tTpress— 
fsU one and one sixteenth behes thick bj three 
bebes wide~-dresaed one side, two edges (e) Door 
and wbdoTT facings flooring ceiling etc, ilisll 
b« Ko 1 pine — S-4-S 

Screen triree shaU be galsanixed wire screen of 
16 meshes per bch 

roiurninlion of screen doore The attached draw 
bg sapplementing the abore mentioned bnUetui 
aball be followed in eonstracting screen doors 
yiatenal for screen doore (a) Beinforcing plate 
foe screen doors shall be cut from square of ^4 
gauge galranizcd sheet metab (b) nardware 
efoth. Tbe screen wire in the bottom panel of the 
aereen doors shall be reinforced with galTanircd 
hardware cloth 4x4 meshes per inch standard 
gaoge wire 

AntZe The wire clont nails used b fastening the 
metal reinforcing plates on the ootside of the screen 
door shall be of saffieient length to clinch } inch. 
The inside reinforcing plates shall he pot on orsc 
tbe screen wire and fastened with wire clout nails 
of length C4]Qal to the thickness of the wood frame. 

Btnget The hinges shall be loose pw 

bntt type and fastened with Ao 8 1" screws 
Tools The screen wire shall he fastened to tbs 
doers With bo 6 bill poster tasks spaeed " apsrt 
Other ttent The door pnlls hook and eyes end 
coil springs u specified u tbe boUetio aball be 
included. 


been drawn however aa it la bel>e\ed ad 
visable to draw conclasions only from ex 
periences over a period of jeara which 
embrace if possible a complete cycle of 
high and low peaks of regional malarial 
transmission Previous data have prompted 
the belief that this cycle m tbe Tennessee 
Valley has a period of about 5 years 
An unusual feature of tbe construction 
program was that tbe work was done by 
contract on a unit price basis which has 
proved highly satisfactory The usual 
form of construction contract was em 
ployed, including specifications proposal 
and contract Bidders were required to 
submit a bidder’s bond or certified check 
with the successful bidders subsequently 
posting a securi^ bond not only to guar 
antee the completion of the work on sched 
nle but also to guarantee the excellence of 
both workmanship and material 

Since the specifications may be of inter 
est those used on the last contract are 


Jpplteciton of viidov eereens Window seiKU 
shall OTcriap the window frames fuU 1 on top asA 
aides The bottom edge aball bo folded under orer 
lapping sill two iaehes and securely fastened with 
a dooble row of tseks Wire aball be fastened to 
the window frames with No 6 bill poster taeks 
epaced 1" sport. 

Uosjuito proofing natertat (s) Paper for eo» 
wring walls and ceilisga aball he 90 pound basic 
krsft weighing not leas than 1 pound per 34 aqoare 
feet (b) Tacks The paper shall be securely 
fastened to tbe walls with No 6 bill poster tacks 
(«) Boofing paper Tbe paper specified for corei 
log floora ebaU be two ply or medium weight roofing 
paper weighing 45 pounds per 100 square feet 
(d) Sheet metal for patebing small holes in the 
floors and walls shall be twenty eight gauge galva 
sued sheet metal emd securely fastened. 

Chimney protection Omit the Napthalene cyl 
inder and wir basket of moth balls for hanging 
in chimney Fireplace openings shall be sealed with 
a lemorable ply board screen This screen shall be 
constructed aO as to seal effectively the fireplace 
opening Tbe unit pnee bid shall indude the neces 
oary repairs to the mantel facings and hearths to 
secure effective closure against the entrance of mos 
qwtoes Speclficatiooe are shown on the attached 
drawing 


quoted bs follows 

Lvmler (a) Screen door frames ah^ be thor 
oochly dned clear cypress-fun one inch thick and 
Se inches wide-S-*-« (b) Screen door hang 


These specifications were developed from 
earlier experience on such work m Ala 
bama Moreover houses which had been 
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mosquito proofed se\eral years previoudT 
on other projects were inspected tery thor 
oughly to determine where improvement 
might he made to make the work more ser 
viceable and durable Some of the expen 
ences with respect to construction are as 
follows 

(1) It 3 not aij»isable to oSe woods olber tbaa 
eypress in the construct on of door frames 

( ) It 13 not adrisahle gencrall; to attempt to 
ntilue old ei sting screen door frawet 

(3) It IS very important to protect the ae een 
wi e of tho bottom panel of th« door with the heavy 
i inch me h hardware cloth and to place a diagonal 
brace in the lower comer of the upper panel where 
4 person m ght otherwise posh against the screen 
wire in opening the door 

(4) It IS advisable to cloao fireplace openings 
w th a remo able firenlace screen of plvboard con 
Struetion. Banging a basket of moth halls in the 

b nmey sealing the top of the chimney with screen 
Wire or covering with eanvu closing the opening 
with sacks stuffed with hay paper or other mate 
Tial ha s all been tried with indiff rent lu cess 

(5) The large headed No d bill poster taeka have 
proved sat sfactory for fixing screen wire and paper 

(6) The IS mcih galvanucd screen woven of not 
less than 01 inch d aneter wue has p oved sat s 
factory However nea the scacoase or aboot in 
dsstrial plants whets a eorros e atmosphe s nay 
esat using a w e of large diameter and more 
resistant composition ae bronxe should bo con 
Sd «d 

(7) Tbs SO po nd basic kisft paper m reason 
ably tougb and to date bas proved a very eatisfae 
tory material for covering walls and celtngs Tber 
ate oth r heavier and tougher pape 3 some e en 
water resistant which are available at reasonabis 
cost The prin ipal cost of papering walls and 
coilmgs s the labo of applicat on 

(8) It is advisable to replace deteriorated door 
and wmdotr f ames 

(0) It IS very unportast when applying roofing 
paper for closing cracks in floors to repair tho 
planking by necessary nailing or bracing 

An analysis of the last contract corn 
pleted shows that there was an average of 
3 doors and 1 fireplace lor closure per 
house There was further 112 square feet 
of screen wire 1000 square feet of wall 
paper 180 square feet of roofing paper for 
floors and 180 board feet of lumber re 
quired m mosquito proofing the average 
house m addition to some miscellaneous 
items as tacks nails springs and hooks for 
doors. The above materials cost $16 for 
the average house The contractor on the 


work indicated that an a\erage of 37 man 
hours of labor per house were required to 
apply the materials Assuming that 40e 
per hour was the a\erage labor cost then 
this item would amount to $15 making the 
average total cost per house approximately 
$31 In applying these data elsewhere it 
would be advisable to make adjustments 
for local costs of material and labor mclud 
mg any necessary items for transportation 
supervision and overhead 

The annual maintenance of the mosquito 
proofing Wds also handled by contract in a 
similar manner Items were added for re 
fitting and repairing screen doors and re- 
tacking paper and screen wires In order 
to mlerest bidder" in this tjT)e of work it 
was necessary to include an item for truck 
mileage since there was considerable travel 
iQ proportion to the volume of work speci 
fied 

During the spring of 1940 the 344 bouses 
mosquito-proofed during 1939 and 1939 
were gone over with a maintenance opera 
tion Some new mosquito proofing was re 
quired on houses built recently rebuilt or 
occupied since the original mosquito-proof 
ing was done All such work was lumped 
together with the regular rehahibtation 
and classified as an item of the maintenance 
of mosquito proofing in the whole area 

The regular rehabilitation consisted of 
refitting and repairing screen doors and 
fireplace screens patching screen wire re 
tacking screens paper and strips of tin and 
replacing door and window facings as re 
quired At current wholesale prices the 
materials used have been estimated to aver 
j^e 80c per house The contractor esti 
mates that 4 4 man hours of labor were re- 
quired which if an average of 40c per hour 
IS applied would result in a total labor cost 
of $1 75 The total cost for labor and roa 
terials would therefore average $2 56 per 
house exclusive of transportation super 
vision overhead and profit charges 

The first jear s maintenance operations 
indicate that the people really appreciate 
the work and are taking reasonable care of 
the mosquito-proofing In no case has 
wanton or carel ss abuse been observed 
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Tlie initial maintenance cost seems reason 
sblc and it is be]ie%etl that an annual re 
habihtation job such as -was done m 1940 
will more or less perpetinte the mosquito 
proofing although 4 or 5 ^ea^s will be re 
quired to reach the masimum annual main 
(eiiance cost 


FIVA^cl^a 

The question arises as to how improved 
hoiisjD'j and mosquito proo/inj» may be ob 
timed when thej are indicated as a ma 
larial control measure Certain basic facts 
present themsehes and must be taken into 
account m considerin" the problem 

Most public funds from which appropria 
tions for public health work are made can 
not be applied to improving housing be 
cause this maj he construed as constituting 
improiemeut of prnate property Mala 
ria control drainage might also ^ consul 
ered m this light for which considerable 
public funds are being expended but the 
legal aspects arc somewhat different The 
public also understands that the benefit to 
private p^opert^ m the case of malaria 
control drainage is secondary and mci 
dental to the public health benefit 

Thus it 18 seen that at least for the pres 
ent funds for improved housing and mos 
qmto-proofing must be obtained from pri 
vate sources directly or indirecth Group 
taxation for a specific purpose is gi>en as 
an example of how funds might be raised 
indirectly For purpose of illustration ref 
erence is made to a recent malaria control 
bill which iras introduced into the legisla 
ture of Alabama adopted and later ratified 
bj a state wide referendum as an amend 
ment to the constitution which gives the 
people of Colbert Count\ the privilege of 
lev-jmg additional taxes for the purpose of 
controlling malaria on a district basis He 
bill IS quoted as follows 


Tie Court of County Comnussioners of Colbert 
County Alabama is authorwed to divide sad 
County into drainage dutnets for tie control of 
malaria and said County is authonzed and em 
towered to levy and collect in the several distiict# 
io lomcd (or me m the eo.trol ni mUenj, .» .34. 
tion to all other tales bow aufborued by Jaw s 
ipecial tax of three miUa on all taxable property 


situated in the scvctdl draiiage districts so formed 
based upon the valuation of such property as as- 
sessed for State taxation ami to be used exelusi ely 
for the control of malaria la the drainage district 
in wbicli the said tax is Iciicd and collected pro- 
sided such tax is authorized by a majority of the 
qualified electors residing m such drainage district 
voting Ofon surb proposition at an ehctioa called 
and held for the purpose of authorizing such tax 
and presided that said tax shall be levied and col 
leeted for a period 6t ten years from the time that 
It IS authorized at tl e election held in such distncL 
Sueb an election nay be called at any tune by the 
Court of County Commissioners of said County sad 
shall be held and conducted and the results con 
vassed as now provided by law for bolding and con 
ducting and canvassing the returns of a regular 
election The proceeds of the tax hereby authonzed 
abafl be used exclusively for the control of malans 
in the drainage district in which it u levied snd 
collected and shall be expended through the proper 
fiscal agencies of the County Government under the 
direction of the Governing Body of Colbert County 
and the Colbert County repartaent Of Pnbbe 
Dealth 

Material edtancemeot is dependent on 
a strong indnidual and collective desire 
for improt ement Continuing public healtb 
education both m and out of schools should 
be an important approach to promotional 
effort Health orgaaixations should pre- 
sent a practical logical and feasible con 
Irol program Long term planning is ua 
portant but consideration should always 
be gn en to control measures of a temporary 
nature pending realization of the final ob- 
jective It IS of course important that the 
program be predicated on a most thorongh 
analysis of the problem from epidpmiolog 
ical biological and engineering standpoints. 
The economic resources of the individual 
or the region must be taken into account. 
Malaria is a disease which exacts a tre- 
mendous toll in direct costs in addition to 
lost time and efficiencv Control program 
financing should show an economic saving 

if possible General mass improvement of 

housing in rural areas of the south where 
malaria is endemic and where biological 
control of its vector is not feasible is diffi 
cult to foresee as an accomplishment of the 
immediate future However mosquito- 
proofing of existing houses is a practical 
possibility Except for eradication of the 
vector it is probablv the most effective 
malaria control method 
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Historical 

Sir Ronald Ross (1910) states Prob 
ably the ancients and certainly the Italians 
since the time of Laneisi (1717) were so 
well acquainted with the good effect of 
drainage that this principle was accepted as 
a dogma m all the medical scbw>li» 

In 1902 Sir Malcolm "W atson began using 
drainage in his successful malarial control 
work m Malata In 1904 General Oorgas 
LePrince and others undertook tbe control 
of malaria (and t ellow fever) m the Pan 
ama Canal Zone utilizing all knoiAn metb 
ods for reducing the mosquito population 
but placing major dependence on dram 
age Between 1870 and 1920 an enormous 
amount of drainage was executed m every 
MCtioti of the United States This period 
mai properly be called the era of drainage 
Malaria control drainage is a verv spe 
cialized tvpe of work and should not be 
undertaken unless well qualified expert 
eneed engineers are available to select plan 
and supervise the work As a general rule 
agricultural and malaria control drainage 
are not one and the same The agricultural 
engineer desires to remove water quickly to 
prevent damage to crops while the sanitary 
engineer aims to remove residual water be 
fore a brood of mosquitoes can develop 

Man made Maxaru 

Sludv of the early drainage work earrjed 
on with relief labor was designed to elimi 
nate mosquito-breeding areas that bad been 
created bj engineers along highways and 
railroads Today highway and railroad 
engineers realizing that good drainage 
along their rights-of way makes the stmc 
tures more stable and reduces mamtenanee 
costs are not creating any more undramed 
borrow pits 


Preliminary Investioation 
After tbe malariologist and entomologist 
have determined that malaria is a problem 
in a locality and that an anopbeline vector 
breeds m the area the engineer begins bis 
studies He determines the feasibilitv of 
the project from the standpoint of (1) 
whether a positive or suitable outlet is avail 
able (2) its probable cost and (3) whether 
tbe whole project seems to be practical He 
will determine the area where drainage ap 
pears to be most feasible and will also de 
cide on tbe projects to be undertaken first 
and mil place the others m their proper 
positions based on tbeir relatiye impor 
tance During this study he will also keep 
m mind the types of drainage applicable 
and. will determine if the ditch should be 
constructed by hand with dynamite with a 
road machine with mules and slips or bv a 
dragline He must aLo decide whether the 
drainage will be by means of open earth 
ditch tile vertical drainage underground 
drain or invert The selection of the 
proper method is of paramount importance 
It would be foolish to spend the time 
necessary to make a scientific investigation 
if a preliminary study shows that the per 
capita cost would be prohibitive that a 
positive outlet is not available or that the 
drainage system would have to be very deep 
and traverse unstable soils In a few places 
failure to follow these principles has cost 
the tax payers large sums More than one 
drainage system has been rendered almost 
useless because the outlet canal was not 
earned into a positive outlet Maintenance 
costs are always high on poorly designed 
drainage projects and m some instances the 
whole inveslment has been lost 

After it has been determined that the 
proposed work is feasible and necessary the 
315 
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engineer in clnrpe vill ‘lei.ure topograph 
n.al nnp'i from mIiicIi a liase map he 
prepared A scale of one inch to 2000 feet 
will permit all the details rcquirid When 
the base map 1ms bctn completed all switer 
coiirso poiitls sloughs swTinps cisterns 
nells and anj other source of mosqnitoes 
should be plattwl in their relation to the 
surrounding population 

^Ietoods 

On small projects especialh where relief 
labor !•> asiilablc it will be economical for 
the commimitj to construct the ditches bs 
hand On larger ditclies through stable 
soil and where the property owner will per 
mit a wide ditch it is possible to effctt a 
saving bs the use of a road grader pulled 
be a Caterpillar tractor or b\ mules and 
slips 

If the ditch follows a natural wooded 
slough or bssou and if the bottom of the 
ditch IS soft and mucks dmamitc will 
often be the cheapest method for the in 
stallation of the drainage outlet The srork 
can be done easilj and qulckl^ and at a 
ressonable cost as onh one pound of dma 
mite IS required to move a cubic sanl of 
dirt Large outlet ditches through deep 
ridges should be constructed with drag 
lines 

Under most conditions vertical drainage 
IS not considered a practical methoil A 
notable exception to this rule is the sertical 
drainage project that was installed in 
Sheffield ^Uabsma manj jears ago and is 
ope’-atmg satLsfdctorilv todsA This metbod 
must not be used unless a permit Las been 
secured from the state board of health as 
the underground water might be contami 
nated bv such procedure 

Specifications 

Lines The line of the mam outlet ditch 
should be as straight as possible Saw 
e\er jf two routes are available one trav 
ersin„ high ground where drainage is not 
needed and the other being somewhat 
longer but following a natural depression 
the'second route should usualh be selected 
The construction and maintenance costs on 
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the shallow ditch will probablj be much less 
and the ditch on low ground will afford 
bettci drainage of mosquito breeding areas 
Hapid changes in alignment should be 
arord«l and gentle carves substituted for 
abrupt ones 

Crorff The grade of a dninage ditch 
should be just enougli to give a cleansing 
^elocitj but not enough to erode the banks 
lu peneni a grade of 0 Oo foot per 100 feet 
is the minimum for open ditches (FJstter 
ditches are satisfactorj if under-dramed 
with tile ) Ditches with this low grade wtH 
base a relativeh high maintenance cost 
The maximum permtssible grade will varv 
with the soil A slope exceeding 0 6 to 0 8 
foot per 100 feet is not desirable in an open 
earth ditch "When steeper grades are en 
countered spiUwajs constructed of con 
Crete masonri or brick or brush dams 
made of poles and tree tops laced together 
with wire ha\e been found invaluable for 
reducing the velocitv and thereba present 

undue erosion 

TTid/ft The avidth of the ditch depends 
on the watershed area on the rainfall and 
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on tlie tjpe of terrain Data are usnall} 
available in each of the state board of 
health offices which will enable an engineer 
to correeth design a drainage sistem or a 
part thereof for an% locahtj In soils 
that do not erode a small U shaped sub 
ditch should be constructed m the center 
of the laroC one This small ditch will con 
eentrate the low water flow prevent the 
formation of bars and discourage mosquito 
breeding {Diioram No 1) 

DIAGRAM NO I 

SU5 DITCH IN BOTTOM OP- DITCH 



Side slope The slope of the ditch banks 
mil vary from a vertical or a ^ 1 m stiff 
ela> to as much as a 3 1 in sand In cer 
tain sections of Alabama ditches having a 
depth of at least 10 feet were constructed 
with vertical sides and the soil was so 
dense that neither caving nor much erosion 
took place In other sections where the 
soil IS verj unstable it is difficult if not 
impossible to maintain a ditch m proper 
onndition even with verv flat slopes unless 
special measures are taken Under these 
conditions a line of poles accuratelv and 
securelv pegged into the bank it the toe 
of slope will be found indispensable These 
poles prevent the soil from caving and re 
diice the width of the ditch at the bottom 
therebj increasing the velocitj and tending 
to pievent the formation of bars The poles 
that remain under water will last indefi 
nitel} 

Derm A berm of at least 6 or 8 feet 
should be left on large ditches A three 
foot berm is sufficient on small ditches A 
better prsctice is to use this waste dirt for 
filling low depressions on either side of the 
ditch If it IS not practical to spread the 
spoil bank, short lateral ditches must be 
cut through to drain anv low areas 

Protecting ditch hanks Under certain 


conditions it will be necessary to bring snr 
face water over the banks an small paved 
inlets If the flow of water in a lateral 
ditch IS permanent but not of great volume 
it can be carried through the ditch banks 
by means of underground drains 
Stahh tng banks Willow poles have 
been used with much success in areas where 
unstable soils were encountered Willow 
stakes were driven into the bank for at 
least 6 or 8 feet and long willow poles ex 
tending longitudinally were nailed to these 
stakes There was enough moisture m the 
diteh bank to make these willows grow 
Under such conditions this is a very eco 
nomical and successful way to stabilize the 
banks 


Pus Grenada Has s pp Left befo e ma 
lar al coatrol dra nage right afte con truction of 

brKk and mo tar rert with sodded banks 

Depth The allowable depth of an open 
earth ditch is dependent on the method 
used for its construciion For example it 
IS never practical to construct a hand dug 
ditch which IS over 10 feet in depth A 
practical depth for a ditch made with a 
road gnder is 5 feet Dragline excavators 
are the most economical means of con 
struetmg large deep ditches The bottom 
of the ditch should be at least 6 inches 
lower than the bottom of the slough to be 
drained 

Cutoffs Wliere a new ditch is eon 
structed making cutoffs across existing 
meanders of old streams the excavated dirt 
must be utilized to fil the old channels 
(Diagram No 2) Where the spoil dirt is 
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DIAGRAM NO Z 

Rft CHANNCLIWO CROOKtO STREAMS 


insufficient these fills have been made with 
garbage tm cans and other municipal 
T\astes topped off ^ith dirt The tops of 
these fills should be sodded to prevent 
erosion and a brick or riprap dam con 
structed at the upper end of the cutoff to 
prevent the stream from following ita old 
course 

Junctions Lateral ditches should alwajs 
enter the mam ditch at an acute angle in 
order that the flow shall take place with 
that of the mam ditch and not across it 
If possible the lateral should enter the 
mam ditch at an elevation above the grade 
of the mam channel and the grade of the 
lateral increased just before it enters the 
mam ditch 

Seepage The drainage of seepage or 
marshy areas fed by springs presents a very 
serious problem to the novice and may 
offer difficulties for the experienced and 
trained engineer Deep narrow contour 
ditches located along the toe of slope of 
the hill cut at right angles to the direction 
of ground water flow are utilized to inter 
cept and collect the seepage flow The ele 
vation of these ditches can be determined 
accurately by locating the level of the 
ground water causing the seepage outcrop 
with a post hole digger (Diagram No 3) 
DIAGRAM NO 5 


UlULStOC SCEPACe ORAtNAOE 



If the seepage is extensive it maj be neces 
sary to construct several rows of contour 
ditches more or less parallel to each other 
If the area is fed by a senes of separate 



springs rather than a broad outcrop nar 
row individual laterals must be dug to each 
spring (Diagram No 4) 

DIAGRAM NO 4 

DRAINING 5PRING-pfcD MARSMfcS 



CovsTRUCTiov Operations 
The general practice is to begin opera 
tions on a new outlet ditch at the lower 
end m order that the crew ma> work m a 
dry ditch as long as possible In cleaning 
out old channels it is better to start work 
at the upper end m order that the trash 
and debris ma> be kept out of the ditch bj 
floating It doMTisfream as work progresses 
Experience has demonstrated the wisdom 
of dividing large crews into separate units 
Each unit is assigned to a particular type 
of work such as clearing grubbing rough 
ing out finishing and sodding By using 
the same crew on the same type of work 
continuous!} the labor becomes more pro- 
ficient and the work can be performed more 
economically 

Cost Data 

The following is a table giving the actual 
cost of the different types of work 


Type 

1 Cost per cubie yard 

Hand 

I $0 5-0^0 

Grader — - 

019 

Slips _ 

0 20 

Dynamite 

013 

Dragline 

010-0 18 


Th«e figures were derived from actual 
field operations m Mississippi from 1928 
through 1931 The labor received approxi 
mately $2 00 per day 
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Special Problems 

Rice field workers in foreign eonntnes 
have been able to control mosquito breedmg 
in rice field bj mtermittent irrigation If 
the nee field is irrigated for 3 dajs out of 
every 6 it will be dry for at least 24 hoars 
in everj mterval of 6 dajs and breeding 
is thereby prevented Auv small un 
drained pools containing larvae should be 
treated with Parii green In the Southern 
States nee fields are prolific sources of 
anopheles mosquitoes but thev have not 
been thought to be of much importance 
from a malaria standpoint 
Irrigation There should not be much 
mosquito breedmg on irrigation projects if 
the> are well planned and well operated 
In other words the si stem should be 
planned to waste no water and to provide 
drainage ditches to take care of an> seep 
age or waste Unfortunately but few are 
80 prepared 

Pumping In a few countries where 
there is insufficient fall ditches discharge 
into a sump from which the water is 
pumped over the bank or levee into the 
outlet 

Modification of drainage structures It 
the fiow line of existing bridges or culverts 
IS at a higher elevation than the temtor> 
directlj above it it is neeessar> to cut a 
trench through the bridge floor slab with 
air hammers Care must be taken to con 
struct adequate footings under the slab at 
the same time that the invert is made This 
procedure must not be undertaken without 
first obtainmg the written permission of the 
engineer m charge of the structure An 
other means for securing additional fall is 
to utilize hydraulic jacks for pushing a pipe 
through the embankment at the correct 
elevation 

Permanent Drainage 
Three types of drainage will be discussed 
under this heading nameh invert con 
struotion the Hjmg of tile or underground 
drams and the filling of swamps and ponds 

Inverts 

A. few jears after the discovery of the 


mode of transmission of malaria our Gov 
emment initiated the construction of the 
Panama Canal Officials of the United 
States {Jovemment profiting by the mib 
tabes of the French incorporated malaria 
control and sanitation as a part of the con 
stmction work LePnnee and Orenstem 
(1916) m their book entitled Mosquito 
Control in Panama described in detail the 
permanent malaria control work executed 
in Panama (1904-1910) and stated that the 
cost of the permanent construction was less 
than the maintenance cost on open earth 
ditches The British studied this epoch 
making work of Gorgas Carter and Le 
Prince and began to copy it almost imme 
diateij m the far corners of the British 



Empire But Americans waited approxi 
malelv 30 jears to imitate their own work 
Some ot the first invert construction was 
done Ml connection with field experiments 
of the U S Public Health Service in and 
near ftlempbis Tennessee It has been re 
ported recentlj that the City of Memphis 
has lined more than 75 per cent of its water 
conr&es (anon 1940) and several towns in 
other states are approaching this enviable 
situation 

Definition of inierfs The term invert 
means the bottom lining of an open ditch 
or water course with durable material 
Inverts are of three tj^ies masonrj mono- 
lithic and precast Masonry inverts are 
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built of brick or stone set m mortar In 
monolithic construction the concrete is 
poured continuously between forms, as in 
highway construction The precast type is 
built of short units usually not oser three 
feet in length Bermuda carpet grass or 
other suitable sod or concrete slabs are 
placed on the bank above the insert to 
prevent erosion 

Shape A curved bottom la preferable 
to a flat one because first it concentrates 
the low water flow thcrebv increasing the 
veloeitv in the center eliminating mosquito 
breeding and preventing the deposition of 
Slit and second the concrete extends well 
above the low water line and prevents 
erosion of the banks 

At least two states have adopted a design 
in which the depth of the invert equals one 
fourth of the width (Diagram No 5) In 
DIAGRAM NO-^ 

TYPICAL INVCRT 5MALL DJTCH 



large canals where the storm flow is large 
and the velocitv high shoulders arc placed 
on each side of the invert (Diagram No 6) 
01 AG RAM NO e 
TYPICAL IMVCRT LARGO DITCH 



Table I gives the details of the invert being 
used m Mississippi and also the approxi 
mate amounts of material required for 
brick and concrete inverts 

Tt/ves Several states seem to favor the 
monohthw concrete slab invert due to the 
fact that It can be poured rapidly and 


accurately with unskilled labor The slab 
IS 3 inches thick on most inverts but is 
increased where the head of water is more 
than 8 or 10 feet or where the foundation 
IS poor '1\ hen unstable soil is encountered 
the inverts are reinforced with chicken or 
liog wire steel mesh or steel rods 
The Panama precast inverts are used 
with much success and have been emploved 
Ml several cities m Florida and Georgia. 
The sections of invert are cast in molds m 
a central factorv cured in a tank pool or 
with moist earth nnd are rapidly laid on 
a carefully prepired subgrade These m 
verts facilitate the collection of ground 
water bv seepar.e through their yomts 
alignment and grade are readily restored 



Fw 4 Grenada Mmissipri Left before ma 
larial control drains^ riglit after eonstruetion of 
bnek and mortar inrert witb sodded banks 

if settling occurs while in the event the 
ditch IS replaced bv a storm sewer thev 
are all rtcoverable for use elsewhere 
(Ala oon and Alolloy 1936) 

Jefferies (1936) Ins constructed a U 
shaped concrete lining bv the vise of silo 
staves laced together longitudinally and 
crosswise by cables Experimental asphalt 
inverts were constructed in June 1936 and 
are functioning satisfactorily todar (1910) 
Grades and telocihes In designing any 
drainage structure the cross section de 
pends on the rainfall on the size of the 
watershed and on the character of the ter 
ram After making a careful study of 
these factors a size of the invert should be 
selected in which the resulting velocitv will 
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TABLE I 

All State Board op Health 

Invert Data 


C nerete mix 13 5 For all slopea Jlortar 1 3 
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56 

48 

9 

48 
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6 
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18 
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34 

56 

53 

8 
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It p ap Or maaonrj eo jt <t on requ ea appro nutelj' S aaeks of cement and 3 to jda of sand 
[e 100 e<i Yds of inxe t This talle fo nverts whose thickness is three inches Ten per cent should 
U add d to th amounts for aprons tpUwajrs curta n walls to 


be yaore than 2 feet pet aecwid In sections 
where it is absoluteh impossible to secure 
telocities above 2 feet per second small 
inverts shoald be used with shoulders on 
each side to take care of the stonn water 
flow If the velocitj is found to be more 
than 4 feet per second it will be necessarj 
to construct spillwaj s to drop sh irplv from 
one elevation to another Increasing the 
grade of the invert on curves tends to pre 
vent the deposition of silt 
Subgrade On maiij projects it has been 
necessarj to remove the muck sometimes 
to a dpplh of 3 feet and to rpplace this 
unsatisfdctorj matenal with clay brick 
bats broken stone oyster shells sand and 
gravel or any other matenal that can be 
satisfactorily compacted to form a solid 
sub^rade If the invert traverses a seepage 
area or one fed bv springs oped jointed 
tile set in broken roi.k brickbats or gravel 
IS laid under or to one side of the invert 
to collect the underground water and 
stabilize the foundation Basell and 
Weathersbee have laid a relatively large 
amount of small bore butt joint tile for 
dewatering drainage ditches They state 
(1938) that if an ample amount of porous 
material is placed around the tile to pre 
vent the entrance of solid matter these tile 
will function satisfactorily on a grade as 
flat as 01 per cent 

Profecfiott of banks Thick Bermuda or 


carpet grass sod has been found to be the 
best available material for the protection of 
ditch banks Blanket sodding is much more 
satisfactory than strip or checkerboard 
The blocks of sod should be cut approxi 
mateh 2 to 3 inches thick and about the 
same average shape In hying the squares 
on the ditch bank care should be taken to 
lav them in the same manner as brick are 
laid so as to eliminate erosion between the 
rows of sod and to conserve the water in it 
and ram water to promote its growth 

In urban areas it is not alwavs possible 
to secure the necessary width for the con 
struction of inverts with sodded hanks 
Under these conditions retaining walls con 
structed of rock, brick or concrete offer the 
best solution If a solid masonry or con 
Crete wall is used the bottom width should 
be approzimateh 0 4 of the height the 
height being the total distance from the 
bottom of the footing to the top of the wall 

Riprap made of broken concrete native 
stone brick set in mortar or precast con 
Crete slabs are necessary to stop erosion on 
ditch banks on the outside of carves under 
bridges at junctions of ditches above and 
below spillways and in unstable soils If 
the system is properly designed it will not 
be necessary to use a large amount of up 
rap 

Ijow areas on each side of the invert ays 
tem are drained into the paved ditches by 
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lateral imerts French drams, or ditches 
with sodded bottoms Where the flow is 
constant French drains or paved laterals 
are utilized and where (he flow is inter 
mittent a ditch with sodded sides and hot 
tom has been found satisfaetorj to prevent 
ca\mg of the sides and the formation of 
bars 

General specifications The sand and 
gravel should be clean well graded and 
free from claj The three inch monolithic 
slab IS poured of 1 3 5 concrete In the 
construction of brick inverts the britk are 
laid flat with half inch soids in the same 
manner as in constnicting a bnek wall 
The brick are set m and covered with one 
fourth inch of 1 3 mortar If soft brick 
are used, it is imperative that thej be com 
pletcl^ eoveretl with mortar to prevent 
freezing and cracking during extremely 
cold weather All brick must be soaked m 
water at least 12 hours before being used 
in the invert 

All inserts cither monolithic or precast 
should be cured for at least 72 hours b\ 
flooding coverino with a fi\c inch laser of 
moist dirt bj burlap mats or b} painting 
with an impervious material designed for 
this particular purpose 

Curtain walls should be conslnicfed 
across the ditch under the insert to prevent 
anj damage to the permanent lining b% 
underflow The depth of these walls in a 
lOO foot section of ditch must be greater 
than the total fall The> should not be 
more than 3 inches in width Weep holes 
are placed m the bottoms and sides imme 
diatelj above the curtain walls at intersals 
not to exceed 50 feet where much ground 
water is encountered the spacing mnj be 
reduced to 8 or 10 feet In sandr soil it 
may be necessarj to construct a filter of 
graded gravel behind the weep hole to pre 
vent the loss of sand 

Expansion joints should be left m the 
invert at inter%als nijt to exceed 75 feet 
These joints are made of burlap ropes 
soaked m liquid asphalt or of a soft mate 
rial such as masonite Construction joints 
are made m the riprap by pouring a thin 
countersunk slab about one foot wide up 
the bank at poiots where expansion joints 


fall The bond between this slab and the 
riprap is broken by covering the slab with 
a sheet of neivspaper 

Where round bottomed inverts must join 
wide flat bottomed culverts or bridges 
steps must be taken to reduce the width 
through the structure in order to increase 
the\elocit\ suflicienth to present mosquito 
breeding and the deposition of silt Many 
engineers arc now building culverts with 
bottoms basing the same curvature as the 
inverts 

Prior to construction work all water and 
gas pipes should be lowered below the in 
vert in order to prevent the pipes from 
freezing and to remove an obstruction 



Fro 5 Tumea Miaaissippi. hctt before malarial 
control drainage right after construitioa of rein 
forced concrete invert with sodded banka. 


which will block the flow causing eddies 
and resulting in erosion to the banks 
"Where fences cross inverts light swinging 
vcater gates made the same shape ss the 
ditch should be swung across the invert 
Construction method), The use of two 
templates on invert projects is well worth 
while TJie subgrade template having a 
radius 3 inches greater than the standard 
enables the foreman to construct the sub- 
grade accurately The finishing template 
IS used as a screed By using it constantly 
in finishing the invert it is possible to 
obtain an accurate circular shape and its 
use also tends to result m a denser con 
Crete 
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Iq order to obtain an accurate finished 
grade batten boards are set across the ditch 
at intervals not to exceed 50 feet Small 
blue top stakes are set on the center Ime 
of the ditch at six foot intervals The tops 
of these stakes are set on finished grade 
It IS relatively easy to obtain a true flow 
Ime by checking the flow line of the invert 
with a straight edge restmg on the bine top 
stakes just before the concrete takes its 
initial set 

Benefits The prmeipal benefits result 
mg from inverts are first the eli min ation 
of mosquito breeding areas with the eorre 
spending reduction m the cost of mosquito 
control by oiling second the reduction in 
ditch maintenance costs third the protee 
tion of culvert and bridge structures 
fourth the reduction in the amount of 
household insecticides used and fifth the 
conservation and beautification of both 
public and private property 

Underground Dratns 

Underground drams were used by 
Oorgas and LePrmce in Panama with 
much success They are constructed of 
small tile set m broken rock brickbats or 
gravel and covered with at least 6 inches 
of straw leaves pine straw or any other 
material which will act as a filter and pre 
vent the dirt from filtering into the dram 
and filling the jomts In sandy sod it will 
be necessary to cover not only the top but 
also the sides of the porous material to 
prevent sand from entermg the dram 
(Diagram No 7) 

DIAGRAM NO 7 

UNOCRSAOUND DRAIM USINC TILK 



Satisfactory drains may be constructed 
of poles set m broken rock, brickbats or 
similar material (Diagram No 8) It is 
necessary to use more straw and filter 
material on pole drams m order to pre 
vent fiUmg of the voids by sand In heavy 


DIAGRAM NO-<5 
UNDERGROUND POLC DRAIN 



soils the pole drams may be covered with 
strips of sod cut the exact width of the 
dram and placed upside down to act as a 
filter 

These underground drams are frequently 
utilized m deep contour ditches to inter 
cept the seepage flow to carry the overflow 
from artesian wells and as outlets for 
drinlung fountains Wherever possible 
this type of drainage should be used as it 
eliminates mosquito breedmg completely 
reduces maintenance costs to a minimum 
will be effecti\e for a long period of time 
if properly executed and constitutes an 
improvement to tbe propertj Farmers 
favor this type of drainage as they can 
plow over tbe ditch and city officials like 
It because the maintenance is very small 

FilUng 

Filling can be used m almost any town 
or city without the expense of skilled 
supervision Under certain conditions it is 
an ideal malarial control method as mos 
quito breedmg areas are eliminated com 
pletely and permanently In many towns 
and cities unsightly areas which formerly 
bred mosquitoes and were very difficult or 
impossible to dram have been transformed 
into parks by fillmg them with garbage 
trash or other debris During fly breedmg 
season dependable labor most be kept on 
the damp to sort the material workmg the 
putrescible portion to the bottom The fill 
is then topped with not less than six mches 
of dirt 

The popularity of this type of work has 
been dje largely to the fact that local offi 
ciala have reduced their haulmg costs have 
eliminated the need for oilmg and have 
created valuable building lots and beanti 
fled the city 



THE MANAGEMENT OF WATER FOR 
MALARIA CONTROL 

By E HAROLD HINMAN 


SiKCE the malaria traasmitting mosquito 
spends the immature stages of its life cycle 
in an aquatic enMronment the proper man 
ageiaent of unremovable water affords an 
excellent prophj lactic measure m the pre 
vention of malaria "With the rapid m 
crease of impounded water projects for 
flood control navigation hydroelectric 
power development water supply rcser 
roira irrigation, and storage the possibility 
for increasing man made malaria'* is con 
siderable Despite the increase of the po- 
tential breeding surface it is possible in 
roanv cases to manage water levels so that 
the environment will not be suitable for 
production of the vector, or so that the 
vector may be destroyed during the larva! 
stages at intervals frequent enough to pre 
vent serious production of adult mosqui 
toes To accomplish this, the future poten 
tialities for mosquito propagation must be 
considered during the planning and con 
struction of impounded water projects 
Failure to do so bss resulted repeatedly m 
unnecessary outbreaks of mslana 

iMPOtTUDED "WATZS 

A quarter of a century ago the impor 
tance of impounded water projects as a 
potential cause of increased malaria trans- 
mission was recognized in the Soulhera 
States This resulted m the undertaking 
of jomt studies by the D S Public Health 
Service and personnel of State Health De 
partments Eventually regulations were 
adopted by various State Health Depart 
ments governing the impounding of water 
In Alabama those first adopted m 1922 were 
subsequently held illegal on a technicality 

The regulations later adopted by the Ala 
bama State Board of Health (1927) have 
the force and effect of law making it im 
perative that any person firm corporation, 


county or municipality desirmg to impound 
water or who propose to raise the level of a 
previousl} existmg pond must make formal 
application to the State Board of Health 
Ponds of less than 1/10 acre for watering 
slotk or other domestic purposes or no 
poundages so located that no portion of 
them lies within one mile of any permanent 
humau habitation are excepted These 
regulations have served as a model for other 
states The mam objective has been to pro- 
vide a naturalistic or biological control of 
the malana transnuttmg mosquito through 
the development and mamtenaDce of a 
clean water surface This bss been sought 
through (!) proper reservoir preparation, 
(2) water level fluctuation, and (3) diore- 
line maintenance The management of 
water level alone does not prevent the 
propagation of mosquitoes for in the final 
aualj-sis the control of mosquito breeding 
depends upon the control of vegetation 
heoce it is neces!>ary to maintain a biologi 
cal imbalance 

Beservoib Preparation 
SmiUie (1927) reported studies of an epi 
demic of malaria at the Gantt impounded 
area in Southern Alabama in an area of 
mild malaria endemicity Impoundage m 
Tiolatioa of regulations after only partial 
clearing of the reservoir resulted m a severe 
epidemic of malana beginning July 2 and 
extending to the middle of November 1924 
(This epidemic was only one of a senes 
resulting from inadequate cleanng of reser 
voirs prior to impounding ) 

The principal requirements m reservoir 
preparation have been summarized by 
Kiker and Stromquist (1939) as follows 
That the reservoir be cleared so as to pre 
sent a clean water’s surface after impound 
age between maximum and minimum water 
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levels and (2) that all depressions between 
masimum and mminmm water levels be 
drained so a to provide water level flaetu 
ation with the lake 

In preparing for most reservoirs it is 
nece«sar> that the entire area to be flooded 
should be cleared of all trees and that all 
timber be removed This is not oalj a 
necissary anti larval measure but it may 
be a requisite for removal of hazards to 
navigation and sources of drift which may 
be objectionable at the dam In addition to 
the general clearing which extends up to 
the normal maximum summertime water 
elevation there are certain special types of 
clearing including (1) erosion clearing — 
carried hack from 6 to 20 feet horizontally 
along steep shoreline to prevent trees fall 
mg into the lake (2) clearing at heads of 
bights and indentations to provide space 
for stranding and removal of drift and 
flotage (3) clearing of islands where the> 
would be exposed to wave action and subse 
quently erode (4) clearing for airplane 
du ting on points and at heads of indenta 
tions to facilitate larvicidal application 
(5) clearing in the flood surcharge zone 
Experience has shown that certain species 
of trees are intolerant to inundation and 
that temporary flooding during the grow 
mg season results in their death Since 
these dead trees may fall into the reservoir 
and create a mosquito breeding hazard it is 
adv isable to remov e them prior to impound 
an'e Botanical studies earned on in the 
Health and Safety Department of the Ten 
nessee \ alley Authority have resulted in a 
classification of all woody species with ref 
erence to their ability to live under ex 
tended periods of inundation as tolerant 
semi tolerant and intolerant In clearing 
practices only the latter group are remored 
from the flood surcharge zone (6) Adjust 
ment of clearing line to anticipated back 
water curves In long narrow reservoirs 
having a considerable volume of inflow 
there may be a difference of several feet in 
water level between the lower and upper 
parts of th» lake In such instances it may 
be desirable to clear to higher elevations m 
the upstream portion of the reservoir (7) 


Ten foot zone conditioning above basic 
clearroo line to remove dead and diseased 
trees leaning trees brush logs limbs and 
debns Iving on the ground to preclude the 
entrance of such material into the reservoir 
following impoundage 
The disposal of timber may be through 
aale by piling and burning or if below the 
minimum lake elevation it may be fastened 
to the ground The piling of timber along 
the margin should be discouraged since it 
create* a fire hazard In marginal areas it 
IS necessary that precautions be taken dur 
ing the burning operation not to damage 
the standing timber bv fire since such trees 
may become diseased die and eventually 
fall into the reservoir 
In large rcservows the cleatwvg opeiA 
tioDS may extend ever one or several grow 
mg seasons during which time most of the 
stumps will produce new shoots Such 
coppice will constitute a favorable environ 
ment for Anopheles breeding following the 
filling of a reservoir However it is only in 
the marginal areas where it reaches a 
height sufficient to break through the water 
surface that it becomes a problem In 
these areas also a rank growth of weeds is 
often produced To combat this the Ten 
nessec Valley Authority since 1937 has 
pursued the policy of reconditioning the 
marginal zone during the autumn prior to 
fillup which should be done during the 
winter or early spring This includes the 
cutting of all sprouts and larger herbaceous 
vegetation Through the practice of low 
cutting of stumps it has been possible to 
use agricultural implements for this work 
Either horse or tractor drawn mowers and 
rakes make the operation a very economical 
one After the material is dried it bums 
readilv m windrows By such treatment a 
clean shoreline results with marked savings 
m larvKides during the initial season 
One species of tree has shown amazing 
ability to sprout from stamps namely the 
black willow {Salix nigra) Even though 
the stumps be submerged for the major 
portion of the breeding season as soon as 
the wat r level is drawn down sufficiently 
to expo e them young shoots appear If 
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these reach sufficient height to break the 
water surface, the following spring thej 
will continue to grow and will provide the 
protection necessary to anopbeline larvae 
Onlj submergence for a period exceeding a 
year will kill the majority of willow stumps 
As 8 result, special investigation of the con 
trol of willow stumpage has been under 
taken It appears that hack girdling 
(frilling) of the cut stump just above the 
surface of the ground and the application 
of an arboricide is the most efficient method 
of killing them It is important that the 
hack girdling shall completely and con 
tmuonsly encircle the stump cutting 
throngh the hark and cambium layers. The 
hacked portion provides a trough into 
which the arboricide may be applied by 
means of a knapsack sprayer Thorough 
application of the poison is necessary The 
original treatment utilized by the Tennessee 
Valley Authority consisted of an aqueous 
solution of sodium arsemte (approximately 
125 per cent) Owing to the dangers to 
laborers and also to livestock, a 30^ Banme 
diesel oil has been substituted and baa been 
found to be fairly satisfactory 
Margmal drainage is a most important 
adjunct to reservoir preparation ^ pools 
located between maximum and minimum 
lake levels must be connected to the mam 
body of the lake to prevent isolated breed 
mg pools upon flnctnation of the water 
level Such work must be completed prior 
to filling the reservoir 
An important consideration with im 
pounded water projects is the initial winter 
time filling of the reservoir It has been 
demonstrated repeatedly that if the im 
poundage is created during the growing 
season m the Southeastern States a situs 
tion conducive to the propagation of A 
quadnmacutatus will follow When water 
rises slowly into terrestrial vegetation it 
picks up fine debris (flotage) which makes 
a rich medium for larvae Therefore a new 
reservoir should be filled sometime after the 
close of one growing season and before the 
initiation of the foUowing one Preferably 
each project should have provision for a 
flood surcharge This provides an oppor 


tunitj for filling above the normal summer 
time operating level and drawing down to 
thispoint justat the beginning of the breed 
ing season. This results m the stranding 
of drift and flotage which would otherwise 
offer protection to larvae 

■Water Levee Fcvctuaizok 
Following adequate reservoir prepara 
tion, the next most important step in ma 
lana control on impounded waters is the 
proper management of the water level 
Carter (1914) was apparently the first to 
record the beneficial effect of the variation 
of pool level as an anti larval measure His 
first observations were made on power 
plants m which a weekly variation of ele- 
vation resulted from the closing down of 
mills over the week end Carter LePrince 
and Gnffitts (1916) and Griffitta (1926) 
further studi^ the employment of this 
measure for anopfaelme control Smce 
these basic studies by the workers of the 
U S Pnblic Health Service, ccrtam power 
lakes in central Alabama after clearmg 
have SDCcessfulJj utilized fluctuation for 
several years as the sole measure of control 
of anopbeline larvae In such cases a rather 
wide cyclical (weekly) fluctuation has been 
possible "Van Pine (1922) observed that 
(h« growth of veeetatioa along the margin 
of an impounded bayou was discouraged by 
a variable water level The Alabama State 
Board of Health regulations govemmg the 
impounding of waters (1927) pomt to the 
advantageous use of a surcharge to strand 
flotage and drift and state that ‘ during 
the mosquito breeding season pronounced 
fluctuations of the water level may be or 
maj be made to be a controlling factor m 
breeding Changes in water level 

tend to prevent rank growth of aquatic 
plants and aid fish enemies (Gambusta) m 
reaching the mosquito larvae or flush the 
larvae within reach of the fish ' 

Hinman (1938) reported upon the bio- 
logical effects of fluctuation of water level 
on anopheline breeding The continuation 
of these studies forms the basis for the fol 
lowing discussion Pool level fluctuation 
for malaria control may be employed along 
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two distinct lines A slow contmoons 
drawdown throughout the entire bpeeding 
season mav be efficacious if of sufBeient 
scope Such a procedure is known as sea 
sonal recession On storage re ervoirs 
where a wide drawdown fits into the re 
quirements for power production naMga 
tion or flood control this simple measure is 
effectue However there are manj proj 
ects on which onl> a limited scope of water 
level variation is permissible If stream 
flow or upstream reservoirs permit a regu 
lar pool level variation between constant 
limits a ejeljcal fluctuation may be pro 
vided This consists of a drawdown of a 
definite scope and refilling to previous ele 
vation within a regular interval. Thus the 
elevation of the lake might be lowered one 
foot over a period of 3 5 days and refilled 
a foot over the same period This would 
constitute a weekly cyclical fluctuation in 
level of one foot The interval might be of 
any length but probably should not eseeed 
10 days (it bould be less than the length 
of life of the larval stage of the mosquito) 
Such a type of fluctuation is particularly 
applicable where re ervoirs are located in 
tandem and the drawing down process in 
one lake may coincide with the filling of the 
one immediately below it However any 
project utili4ed as a hydroelectric develop 
ment will inevitably undergo a certain van 
ation in water lev el If this can be sched 
Tiled to be periodic it mil be beneficial in 
preventing the development of anopheline 
larvae 

On the Tennessee Valley Authority Iake<, 
a combination of seasonal recession and 
cjclical fluctuation has been fonnd to be 
most applicable under th** conditions of 
operation The graph at the end of this 
paper illustrates this tj pe of schedule The 
reservoir is lowered a definite amount dur 
mg the first half of the cycle but the re 
filling process does not take it back to the 
original level e g lowered 1 0 but refilled 
only 0 9 This results in a staircase tvpe 
of Schedule which has been fonnd quite 
effectiv e with a limited periodic fiuetnatioa 

The mechanics by which fluctuation of 
pool level exerts its beneficial mfluence is 


not known exactly but certain desirable 
efiects are obvious Each individual weekly 
dravrdown whether it be part of the evclical 
fluctuation or of the seasonal recession 
aeiompiishes several things including 
strandage of debris which may hav e entered 
the reservoir recently and strandage of 
larvae pupae or eggs at the margin In 
addition, certain larvae may be drawn out 
into open water where minnows and other 
predators have a greater opportunity to 
devour them Finally the drawdown 
diminishes the total area of potential breed 
mg surface 

Cyclical fluctuation has a profound effect 
upon v^etation within the fluctuation zone 
The drawdown by its temporary dewater 
mg makes this zone uninhabitable bv cer 
tarn species of submerged vegetation Ee 
peated refillmgs tend to exert a retarding 
influence on those species of terrestrial 
vegetation which would tend to advance 
constantly with the drawdown Cyclical 
fluctuation also exerts an influence upon 
various species of erect emergent plants 
such as £aun<ru$ eernuus (lizard s tail) 
and Dianlhers omertcano (water willow 
weed) It appears to defoliate the lower 
portions of stems m the water thus pro 
ducing less protection for the larvae and 
making the condition less attractive to 
them Conversely when reservoirs are 
filled above the scheduled elevations the 
leafy portions of such, vegetation are mun 
dated and a higher density of larv ae may be 
observed 

Unfortunately fluctuation of water level 
IS not effective against all species of plants 
Those types which are equally well adapted 
to either the terrestrial or the agnatic en 
viroument thrive when there are variations 
of water level Similarly those species 
which are suited to growth m de p water 
eg Aelumbo Iwtea (lotus) and Nympheae 
adiena (cowlily ) arc not inhibited 

Regardless of the exact mechanism bv 
which fluctuation of water level exerts its 
beneficial effect it should be considered 
as prophylactic rather than palliative 
Through the control of water level the ob- 
jective becomes one of making the environ 
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ment unsuitable to the development of 
anopheline mosquitoes rather than attempt 
infj merelv to destroy developing larvae 
Reference is made to the graph sLovnug 
the influence of various anti mosqnito mea 
sures on Lake TTilson In 1935 owing to 
construction requirements at VrTieeler Bam, 
It was essential that the lake be held con 
stanth at maiimum elevation throughout 
the mosquito breeding season Despite the 
fact that about SO 000 gallons of oil and 
41 000 pounds of Pans green dust mixture 
were utilized at a cost of approximately 
$25 000 the mosquito control was unsatis 
factory as is evidenced bj an average count 
of 11 female A quadnmaculatui per station 
per week and a maximum weeklj count of 
46 mosquitoes The counts were not de 
creased greatlj until lamcidal measures 
were supplemented bv mammal growth 
removal costing approximately as much as 
the larvicides In 1936 irregular fluctua 
tion was possible resulting in some dicmiQ 
tion ID the expenditure for larvicides and a 
marked improvement m the station count 
(4 mosquitoes per station per week) In 


1937 the combination of cv clical fluctuation 
and seasonal recession u as employed for the 
first time The decrease in larvncidal apph 
cation, as well as in station count (less than 
2 mosquitoes per station per week) was 
dramatic The story for 1938 1939 and 
1940 likewise confirms the importance of 
water level fluctuation as an anopheline 
mosquito control measure on impounded 
water 

In the design of the dam and planning 
of an impounded water project, it is impor 
tant to give consideration to the type of 
possible schedule Each project mil have 
to be considered m the light of its primary 
objectives. When storage is the important 
purpose a slow, continuous drawdown 
throughout the mosquito breeding season 
may provide satisfactory control If nan 
gation is a major objective a lower limit 
will exist bevond which the reservoir can 
not be lowered If reservoirs are eon 
structed in tandem on a river then provi 
Sion for fluctuation can be designed and 
buUt into the projects In any impound 
ages m an area where malaria is endeme 
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or may become endemif* jt is desirable that 
a surcharge be provided so that dnft and 
flotage may be stranded at the initiation of 
anophelme breeding In addition to this 
It IS important that a seasonal recession be 
followed combined with whales er weekly 
(cyclical) fluctuation is permissible in the 
operation of the project The alternatives 
of either a wide seasonal recession or weekly 
fluctuation may be used if of sufficient 
scope 

Shoreline Maintenance 
Although it appears to be established that 
water level fluctuation is an absolutely 
essential factor in the prevention of anopb 
eline breeding m reisers oirs it must be te 
peated that the efficiency of this measure is 
dependent first on adequate reservoir prep 
sration and second that it might be supple 
mented b} shoreline maintenance It is 
unfortunate that the Utter is a coutinuing 
operation which may become expensive 
under certain conditions The cost may be 
justified directly on the basis of auticipaced 
savings from larvicidal operations There 
are three typ s of shoreline improvemeut 
(1) drainage maioteoance (2) drift re 
moval and (3) vegetation control 
As pointed out above it is important that 
where depressions exist in the fluctuation 
zone adequate drainage should be provided 
otherwise standing pools would be left at 
the time of th** drawdown Obviously these 
ditches whether constructed by dragline or 
by band must be maintained in a service 
able condition The experience to date in 
the Tennessee \ alley Authority has been 
that the cost of such maintenance is very 
low Naturally this will vary with the type 
of soil encountered the grade and section 
of the ditch amount of silt being earned 
etc However these factors can be taken 
into consideration in designing the ditches 
Attention is called to the fact that this type 
of drainage differs from the usual surface 
drams m that it is subjected to extended 
periods of flooding 

D spite the greatest care m reservoir 
preparation a considerable quantity of 
drift and flotage (smaller debris) will be 
found on any large reservoir following im 


poundage Furthermore lesser amounts 
will continue to find entrance into the im 
poundage throughout the life of the project 
Tributary streams are responsible for the 
entrance of a large amount of this ma 
tcrial especially during flood periods The 
death and decay of marginal timber is the 
origin of much of it In reservoirs in which 
a flood surcharge is not possible the removal 
of a certain amount of the larger drift will 
have to be considered The operation 
should be undertaken at the time of mini 
mum lake elevation The drift may be 
handled either by hand or by mechanical 
equipment mounted on a barge or oper 
ating from land Any of these procedures 
are costly since the material usually must 
be piled dried and burned The latter 
operations may be facilitated by certain 
preinpoundage clearing at the beads of 
hollows and bays where dnft may be 
expected to accumulate 

The problem of control of vegetation is 
of paramount importance and is not con 
fin^ to malaria control on impounded 
waters A quadr\macttlatus breads 
amongst vegetation in flotage or in a com 
binatiOQ of the two Since flotage is largely 
of vegetable origin the control of anophe 
Ime larvae is intimately associated with 
control of vegetation 

The stumps of water tolerant trees mav 
survive extended periods of inundation aud 
retain ability to send out young shoois fol 
lowing a drawdown The con’rol of kucJi 
second growth is difficult and usuallv vvill 
necessitate hand removal at a season when 
the lake is at minimum elcv ation Th® mo«t 
effective method of control is through hmi 
tation of the rate of recession of water level 
during the first season of impoundage and 
the low cutting of stumps durmg reservoir 
preparation 

The problem of survival of woody species 
may be reduced to a minimum by proper 
pla&ning Unfortunately such is not the 
case for herbaceous species From a ma 
lana control point of view the herbs may 
be grouped into three classes (I) terres 
trial species (2) wetland species and (3) 
aqoatic species In the present discuisjon 
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the second and third groups wiJI be dis- 
cussed together 

Normally terrestrial species of vegetation 
are of slight consequence in anophelme 
propagation With the employment of a 
seasonal recession there is a marked ten 
dencj for these species to intade the rone 
of drawdown, and if a summer flood refilb 
the resen oir to top ele\atioD thev pro\ide 
excellent breeding grounds for 4 quadn- 
macidatus Furthermore the tough ves 
tiges of certain of these plants may remain 
throughout the winter and constitute a auit 
able environment for mosquito breeding the 
following year In recent 3 ears the ma 
lana control program of the Tennessee 
Valle3 Authorit3 has included removal of 
such terrestrial vegetation and small cop 
pice in certain critical areas Mowing 
roachmes and rakes have been used to re- 
move the growth -very economically Un 
fortunatel3 this operation is an annual 
process ^Vhere growth removal can be 
earned out at a cost represented in larvici 
dal savings it is to be urged since it has the 
added advantage of mcreastng efficiency 
This operation it directed toviard coppice 
and terrestrial herbaceous vegetation be 
cause most aquatic species are not impeded 
by this t3'po of cutting and in certain 
instances may even be spread 

■Wetland and aquatic species of vegeta 
tion are highly important in mosquito con 
troJ ‘ Fundamental to all plant control 
operations is a thorough knowledge of the 
morphology and especially the ecology of 
each species concerned This includes the 
distribution habitat requirements coimeti 
tive ability rate of growth, phenology and 
means of migration of each species A1 
though the methods of control of herbaceous 
plants are still in the process of evolution 
they include (1) removal (2) recurrent 
cutting and (3) herbicides 

Removal bj digging raking pulling or 
b} a dragline is successful only when all 
the ve^'etative parts are elimmated and dis 


1 Tie following ducuesion is drswa esclnsiTel; 
tiom tie eipenence of Dr W T Penfonad .ad 
\U T P nail wio hare been engaged in botaaie*! 
studies for tie Tenioww Valle/ Authority for the 
past several sumraets 


posed of properly Recurrent cutting has 
given very encouraging results during the 
past 5 ear on Tennessee ‘Valley Authority 
reservoirs It appears particularly apph 
cable to such species as Ameriean lotus 
(Aelumho lufcn) and cowlily (AympAfoe 
udtena) Cutting either by underwater 
saw or a mechanued underwater weed 
cutter* has been efficient m deeper water 
The treatment must be repeated at intervala 
of about three weeks cutting the leaf blades 
just below the surface of the water The 
number of cuttings required vanes with the 
depth, turbidity, etc of the water The cut 
portions of the plants have not been found 
to promote anophelme breeding 
Considerable attention has been given to 
the utilization of herbicides Sodium arse- 
nite m weak solution (3 per cent) applied 
assiduously destroj s those portions of the 
plant to which it is applied Its use is 
limited howev er, since it is highly poisonous 
to livestock and to man In addition the 
reservoir must be lowered sufficiently to 
expose the entire plant During the sum 
mer of 3940 experimental application of 
powdered sodium arsenite (8 lb per acre) 
was made by airplane This was attempted 
in the hope of reducing the vegetative cover 
to a point where the necessity for larvicidal 
application would be greatly diminished. 
Actually about a 75 per cent reduction m 
cover followed each application which was 
made at monthly intervals 'Vthere lotus 
(Afelumho liifea) was present it was neccs 
sary to apply considerably in excess of S lb 
per acre 

Liquid herbicides non poisonous to man 
or domestic animals have been tested Cer 
tain fuel oils and phenolic compounds have 
exhibited some promise There is undouht 
edly need for a powdered herbicide which 
may be applied by airplane and which J® 
relatively non tone to man and his live- 
stock 


Plusuinq (Snuicma) 

Barly experimental studies m the control 
of anophelme larvae by stranding and flush 
mg were earned on by Russell (1932) m 
» Ho Vue/ type 
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the Philippine Islands Periodic closing 
and opening of a dam situated about half 
way along the length of the stream twice 
on one day a week brought about a marked 
reduction m larvae This author has called 
attention to the fact that Bentlej and others 
have advocated flushing as a method of mos 
quito control in Bengal Blaeklock (1939) 
refers to siphons which have been employed 
in anti mosquito work particularly m 
Malaya where Scharff de Villiers 'William 
son and others hav e developed their use If 
sufficient fall can be obtained it is possible 
by means of a siphon to produce a rapid 
transient rise of the water level in a stream 
in which anophehnes are breeding This 
author gives consideration to the various 
requirements of siphons stressing particu 
larly that for efficiency of flushing their 
action must be automatic Various techm 
cal aspects of the utilization of siphons are 
considered and his paper should be read by 
all who have the opportunity of utilizing 
this unique method of malaria control 
MacDonald (1939) baa described a design 
of flushmg siphon which has proven satis 
factory in the control of anophelioes m 
Malaya Ismailia and Ceylon The princi 
pie of control in this design is that a con 
tmuous flow normally sufficiently slow to 
sllow anophehne breedmg in the stream or 
in the neighboring pools is converted into 
an intermittent strong flow sufficient to de 
stroy lar\ae It is agreed by MacDonald 
and others that a very strong current is not 
necessary for this purpose and that any 
notable variation in the flow of water will 
destroy them by stranding or by washing 
them into the main current Nicholas 
(1939) has described a four day sluice 
It is not possible to summarize here the 
entire literature dealing with the control of 
anophelme larvae m running water by 
means of mechanical devices and flushing 
and floodmg However reference must be 
made to the work of Ram (1930) Ejercito 
(1935) and Williamson and Scharff (1936) 
The latter authors have emphasized that 
slnicmg can be effective only when used 
with other methods The danger of snoph 
eline breeding in impounded headwaters 


may be eliminated bj erecting the sluices as 
high upstream as possible and by the use of 
Pans green 

Hackett Russell Scharff and Senior 
White (1938) summarized the mam prin 
eiples for making an efficient sluice for 
anti larval fluctuation as follows That a 
sufficiently large volume of water should be 
discharged suddenly at a minimum of once 
a week oftener m some cases with the oh 
ject of causing a wave to pass down the 
channel of the stream This wave as it 
flows onward causes the stranding of mos 
quite larvae pupae and eggs Larvae 
which are not stranded are drowned by the 
turbulence of the flowing water There is 
no donbt too that m sluiced channels par 
ticularty those in fairly flat country the 
soil disturbance and the liberation of silt 
and organic debris has a deterring effect 
upon further larval breeding They have 
pointed out that the soft friable ba^s re 
quire special protection against erosion for 
a few yards below the outfall of eluices 
also It may be necessary to eliminate aide 
pools and seepages not reached by the flush 
If a channel is too wide it is sometimes 
advisable to obstruct it with rocks in order 
to promote stranding or turbulence They 
adnut that the method s usefulness is re 
stneted at present to fairly small streams 
and channels where there is plenty of water 
available 

Irrigation 

The close association of malaria with the 
cultivation of rice and other crops requir 
mg irrigation has long been recognized 
Oeiger and Purdy (1920) have considered 
the malaria problem of the rice fields of the 
United States Earle (1925) has reported 
on the relation of irrigation on cane fields 
to the malaria problem of Puerto Eico and 
pointed out how the proper management of 
smaller irrigation ditches which is in the 
bands of the cultivators is of the greatest 
importance m malaria control Sweet 
(1938) discussed the three types of irriga 
tions svstems m Mysore State and pomts 
out that lack of drainage remains as a com 
mon difficulty to all types Herms and 
Gray (U40) state it is a strange com 
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mentan on Immnn mtelliponce that most 
irrigation districts have been oi^amzed 
financed and constructed without an\ con 
sideration of the problem of rerooMn^ the 
inevitable seepage and surplus irrigation 
vrater Russell (1938) has discuss^ ma 
laria due to defective and untidy irrigation 
Prom his recent personal observations he i$ 
of the opinion that the situation as regards 
irrigation and malaria is probablj worse 
tlian ever before lie has summarized the 
specific wavs in which irrigation produces 
malaria as follow’s (a) Malaria producing 
defects in coDstnietion operations and 
maintenance on an irrigation system and 
(b) general results of irrigation 
Russell s paper is amplj illustrated with 
photographs of ezamples of most of these 
difficulties He emphasizes the outstanding 
need for organization and cooperation be 
tween malariologists and irrigation engi 
neers before and after an irrigation project 
18 undertaken It is not irrigation per se 
bat defective and untidj irrigation which 
IS the important source of malaria 
One hopeful approach to the control of 
malaria under systems of irngatioo is that 
of intermittent irrigation Smalt (1937) 
tried periodic draining in rice fields of the 
island of Ball and a 67 to 73 per cent reduc 
tion of anopheline larvae followed In the 
laboratory larvae of A annularis and A 
minimus survived for 145 and 175 mtnntes 
respectively in trajs after they had been 
drained and for 40 and 60 minutes in disbes 
after the water had been remov ed 
Hill (1937) pointed out the possibility 
of utilizing interm ittent irrigation of rice 


fields for nnlaria control m Portugal 
Hill and Camboiirnac (in press) presented 
the results of their studies siuee 193j at the 
Louisville meeting of the American Society 
of Tropical Medicine November 1940 
Thev found that periodic drjing greatly 
decreases the number of ino quito larvae or 
completely suppresses them Furthermore, 
the amount of water used is less than with 
the usual method of continuous irrigation 
and there is an increase in y leld of certain 
species of rice per acre without detriment 
to its qualitv As a result of these studies 
the government of Portugal has passed a 
law making intcrimttcnt irrigation obliga 
lory when recommended bv the malarial 
service A 17-da> cycle was utilized by 
these workers 

Sum MART 

The most important factor in the manage- 
ment of water for malaria control is the 
incorporation in the design of the project 
a provision for effective venation of water 
level This requires the collaboration of 
malariologists and the engineers charged 
with the design of the project In the case 
of artificial impouadages proper reservoir 
preparation followed by pool level fluctua 
tion and supplemented by shoreline mam 
tenance are the cardinal features Neces 
sarj maintenance of irrigation projects and 
sluices are likewise importaat Jo all of 
tli^ procedures it must be realized that 
the efficacy of variation of pool level for 
malaria control depends to a large extent 
on creating an environment unsuitable for 
breeding actual destruction of the larvae 
may also be important. 



PETROLEUM PRODUCTS FOR MOSQUITO 
CONTROL* 


By JOSEPH M GINSBURG 

PEPiBTMENT or IKTOWOKWT BOTOEttS mnTBBSITT, KSW JXB3BT AOBICUl-TnaAL 
BXPBBIMIWT STiMOK K*W BBTOSWICK K 3 

WILLERf RUDOLFS 

BSPABTKBNT OT WATER BOTPLIEB ANB SEWAOC BISPOSAl, BUTOEBB rSITtBSlTr [IKW JEBSET 
AOBtCUt-rUBAl, ZIFEBIUENT 6 TaTII>H HEW BBUHSWICS K 3 


■Where permanent mosquito control sach 
as drainage and filliagin low areas is 
either not possible or uneconomical lam 
eidea may be employed Of the vanous 
chemicals tested for this purpose petro- 
leum oil on account of its low cost and 
spreading properties on water surfaces is 
largely utilized for killing the aquatic forms 
of most species of mosquitoes includiog 
4.nophtl$3 That oils kill mosquito larvae 
and pupae has been known long before ma- 
larial control encouraged mosquito oper 
ations It was not however until the ex 
perimenta of Howard became known (1892 
1901) that their practical application was 
developed throughout the world Since 
then many scientific workers have made re- 
searches in various mosquito oil problems 
Such as (a) toxicology of petroleum oils 
(b) amount of oil required to produce a 
killing film (c) lasting properties of oil 
films (d) efficiency of various oil larvi 
cides (e) injurious effects of petroleum 
oil to fish water fowl vegetation and man 
(f) increasing toxicity spreading and pene 
tration of oiU by incorporating vanous 
chemicals (g) methods of application and 
many others 

Field workers engaged in malarial con 
trol have used mans kinds of petroleum 
products including crude oil vanous fuel 
oils ranging from light distillates to heavy 
black oils various vraste oil products di 
luted with other oils larvicides prepared 
from mixtures of various petroleum prod 
uets with other toxic chemicals etc Con 

I Paper of the Jonroal Sene }\ew Jereer Agn 
eulturU E pe uoent Station Dep rtroent of Eato 
mology 


tnbntions from scientific investigators and 
practical field workers bave accumulated 
sufficient information to enable those in 
charge of anti malarial operations to select 
an oil which is most efficient for their pur 
pose 

■We have learned that the following prop 
erties are desired m an ideal mosquito oil 
(a) It should exhibit a high toxieitv to 
larvae sod pupae (b) it should spread 
quickly and uniformly on all kinds of 
waters (e) it should penetrate rapidly 
through debris and thick vegetation (d) 
It should form a stable and long lasting 
film (e) It should be non-offensive to man 
and non injurious to fish water fowl and 
plant life end (f) it should be low in cost 
Of course not all of the enumerated char 
acteristics are essential for all mosquito 
breedmg waters In certain areas subject 
to intermittent flooding long lasting prop 
erties are of no consequence In other 
places plant injury may offer no objection 
able feature or may even prove beneficial 
Nevertheless certain specifications are ab- 
solutely indispensable for a satisfactory 
mosquito oil regardless of either the kind 
of breeding place or the mosquito species 
involved These are (1) toxicity (2) 
spreading (3) penetration into larval tra 
cheaeand (4) stability of film 

Toxiott 

Petroleum is a very complex mixture of 
hydrocarbons and other groups of com 
pounds from which numerous products are 
manufactured ranging from thick black 
oil to colorless harmless medicinal oiL 
Each product has distinct properties and 
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perforni<5 definite functions. In order to 
cither prepare or select a toxic mosqmto oil 
U IS important first to ascertain the proper 
ties responsible for toiicitj Various the 
ones ha%e been snegested to explain boir 
petroleum oil kills larvae among which the 
following deserve re\iewing 

1 Su^ocaiion (A) The la} er of oil on 

the surface of the water prevents the larvae 
and pupae from obtaining air (Celh 1900 
Hardenburg 1922) (B) Oil impairs respi 

ration of lar\ao b\ entering the tracheae 
effectualh blocking them {Green 1924) 

2 Toxic\(\j of Oil Vapors Toxic vapors 
from the inspired oil penetrate the traclieal 
tissue and produce a lethal effect upon 
lanae (Shaffer 1911 Takatsuki 1917 Me 
Fie 1917 Freeborn and Atstat 1918 Green 
1924 Ramsav and Carpenter 1932) 

3 harcoUc Effrct The toxic vapors 
from the inspired oil do not kill larvae 
directh but act as a narcotic paral>zmg 

TABLE I 

ScuuAtT or Lamkatost Testa tvtrn Dirrettst 
Pmouiu Oil rEACTtova ov Laitae or 
Cutft Pipien* AKB Jtdr$ rtXdIU 


the nervous system They are thus ren 
dered helpless and subsequently drown 
(Barnes 1925) 

Laboratorj and field experiments con 
ducted in New Jersey ((jinsburg 2928 
1929) with different commercial mosquito 
oils and with various fractional petroleum 
distillates indicate that the toxic properties 
are closel> related to volatilit} and boiling 
range Volatile low boding distillates 
penetrate and kill larvae and pupae quicUy, 
whereas oil fractions of high boding range 
and of low volatility possess little or no 
direct toxicitv causing death pnmardj by 
suffocation but onl\ after long periods of 
exposure 

Prom the results of these investigations 
it appears that petroleum od films kill taos- 
qmlo larvae b\ the foUovnng method. 
While m the process of breathing on the 
water surface the larva also draws m oil 
from the surface film into Us tracheal sys 
tern b} the flaps in case of Anopheles and 
bv the breathing tube in case of other spe- 
cies After penetration the toxicological 
effect will varj with the t}pe of petroleum 



product used Oils of low boding range 
and of high volatditv will exert a direct 
toxic action within a ven short time On 
the other hand high boding nonvolatile 
VISCOUS oil will slowl} cause death hj suffo- 
cation, after the tracheal stems have become 
filled with oil The rvte of penetration 
seems to be proportional directlv to the 
thickness of the film and laverselj to the 
viscosity of the oil 

The information secured from these ex 
periments have simplified the problem of 
developing specifications for eftieient mos 
quito oils In general the oil sJiould eon 
tain enough of a low boding petroleum 
fraction to insure quick penetration info 
the tracheal sjstem and rapid kill of larvae 
and pupae and a sufilcient qqantitv of a 
high boiling fraction to leave a lasting fifm 
An example of such an oil is ^.i' eii m Table 
II This od has been effectneh used in 
New Jersey during the last few vears and 
can be readih obtained from most of the 
oil refineries at a cost v arv mg from 5 5 to 8 
cents per gallon depending on qusntitv pur 
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chased and transportation expense In the 
field it spreads well produces practically 
100 per cent kill of larvae and pupae within 
one hour leaves a stable film and is mrt. 
disagreeable to the oiling crew These 
specifications are not rigid and can be 
readilj modified to meet different require 
ments The low boiling fraction mav be 
decreased in areas where high temperatures 
prevail and where spreading and penetra 
tion are comparative!} rapid and increased 
where waters are cool or during seasons of 
low temperatures 

TABLE II 

Type d at Hate fuel graTlt? (A.FI) <-33 
llasii 130 r or bighei Tlacoalty 8U at 100 F 
3W0 odor none o9ena v diatUlatlon. 107 at 
430 -iSO T and S0<* at SIO -550 F (the kOltng 
fraetioa) and 907 at 530 F and h gher (the 
laeting faction) 

d Spreading and Penetrattan Ordi 
nartly a non viscous toxic mosquito oil as 
above described spreads well on clear water 
surfaces producing uniform film On 
waters covered with dotage debris scum 
thick vegetation and similar impeding ob 
jeets spreading 8pe»d is considerably 
slower often resulting in unprotected areas 
where larvae may continue to develop un 
disturbed This is especially apt to occur 
m early spring or fall when the water tern 
perature is comparatively low In such 
instances application under high pressure 
may force the film through the covered 
areas (Griffitts 1925 Coggeshall 1930 Wat- 
son and Bishop 1940) When power spray 
ers are not available the use of spreading 
agents m the oil may be advisable The 
Work of Langmuir (1917) Harkins (1917) 
and the more recent studies of Ginshnr^ 
(1927) and Murray (1939) have shown 
that oil-soluble organic compounds possess 
rag either unsaturated bonds or polar 
groups in their molecule such as -OH 
-COOH with marked affinity for water 
may greatly improve the spreading of 
petroleum oil In practice small quanti 
ties (0 5-2%) of the following compounds 
Were found helpful cres}lic acid xylenol 
oleic acid turpentine monohydric alcohols 
and sulphonated derivatives of petroleom 


5 Quantity of Oil per Acre Theamount 
of oil accessary to produce a uniform kill 
mg film in the field may var} from 25 to 
60 gallons per acre depending on the 
nature of the breeding area toxic proper 
ties of the oil species of mosquitoes method 
of application and atmospheric factors such 
as prevailing wmd and temperature Usu 
ally more oil is required per acre of water 
surface covered with debris or vegetation 
than OB clear water It will also take more 
oi! to cover a given area at low tempera 
tures such as prevail in early spring than 
during the summer months Where power 
sprayers capable of developing 100 pounds 
or more pressure are available a killing film 
can be laid down with less oil than where 
hand sprayers are used Anophelme lar 
vae becaus** they staj near the surface most 
of the time are effected b> thinner films of 
oil and die during shorter periods of expo 
sure (LePnnee et al 1916 Green 1924) 
than eulex larvae or other bottom feeding 
species 

Onj-pTBETHRUM LaBVICIDB 
Mosquito control workers frequently en 
counter objections against the application 
of oil There is a large number of private 
and municipal ponds streams and areas of 
impounded waters where fish and water 
fowl prevail and where aquatic plants are 
grown Many of these places are favorable 
for mosquito breeding Owners and au 
tbontics in charge of these places object 
however to the use of oil Objections are 
raised also by preserve owners game breed 
ers and those interested m propagation and 
conservation of wild life waterfowl and 
game fish In order to furnish mosquito 
control workers with an efficient substitute 
for oil the New Jersey Pyrethrum Mos 
quito Lamcide was developed (Qinshnrg 
1930 1934 1939) Since its introduction 
it has been widely used in New Jersey and 
in other States (Vannote 1931 Smith 
1932 Clarke 1936 and Rice 1936) It is 
primarily an oil emnhion of approximately 
the following composition 66 per cent kero- 
sene or similar light petroleum distillate 
007 per cent pyrethtins 335 per cent 
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water and 0 5 per cent sodium laurj I sul 
fate Tins concentrated stock emuhion is 
mixed A\ith about 10 parts of i\atcr before 
sprnjmg ^\^llle the diluted spray con 
tains onl^ about G per cent oil the small 
quantitj of pyrethrins greatlj increases its 
toxic properties (Qinsburg 1937a), so that 
It IS equally as efficient as straight mosquito 
oil m destroying lanae and pupae, but is 
at the same time non injurious to fish 
waterfowl and plants This preparation 
was found useful where\ er oil is objection 
able and where a long lasting film is of no 
importance It A^as also found saluable in 
protecting outdoor gatherings from mos- 
quito annoyance (Qinsburg 1936 1937b) 
and has been extenairely used for this pur 
pose m New Jersey New York and other 
States 

Indoor Sprattno 

Petroleum oil is also a valuable product 
to exterminate adult mosquitoes m human 
discllings bams stables trams and atr 
planes An odorless light petroleum die 
tillate containing smalt quantities of 
pyrethrins (about 0 1 per cent) proved use 
ful not only in killing mosquitoes already 
indoors but also in repelling those outside 
from entering lising quarters through open 
doors, imperfect screens etc 


SUUSURT 

Petroleum oils due to their surface 
spreading and toxic properties may be um 
xcrsally employed in mosquito extermina 
tion operations where permanent methods 
of control are uneconomical In the process 
of breathing on the water surface the laria 
will inevitably draw m oil from the surface 
film into Its tracheal system Oils of low 
boding range and high solatility exert a 
direct toxic action and cause death within 
a very short time high boiling, nonvola 
tile VISCOUS oils will slowly fill the tracheal 
stems and cause death by suffocation The 
rate of penetration appears to be proper 
tional directly to the thickness of film and 
inversely to the viscosity of the oil 

The following are the roost essential 
characteristics of an efficient mosquito oil 
(1) High toxicity to larvae and pupae (2) 
quick uniform spreading on water sur 
faces, (3) rapid penetration into the tra 
chea) system (4) stable long lasting film 
on the surface 

Oo waters nbere application of conces 
trated petroleum oil is objectionable the 
New Jersey pyrethrum mosquito larvicide 
offers an efficient substitute being non in 
junous to man and aquatic life It has also 
proved efficient in protecting outdoor meet 
mgs from mosquito annoyance 
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Lievicides in powder form were first em 
ployed by Thibault (1918) who began with 
powdered pyrethrum which he found gave 
excellent results Later he obtained \eTy 
good results against both anopheles and 
culicines with various finely ground grasses 
and weeds and he believed that the action 
of bis powders was purely mechanical We 
repeated his experiments without much sue 
cess with any vegetable powder except 
pyrethrum 

Boubaud (1920) experimented success 
fully with trioxymethylene (parafonnalde 
hyde) against anopheles He was the first 
I believe to recognize that such powders 
are effective through ingestion by the 
larvae Barber and Hayne (1921) intro 
duced arsenicals among them Pans green 
mto this sort of work 

The efficacy of larvicides in powder form 
against anopheles depends on two things 
the toxicity of the poisons in the intestinal 
tract of the larvae and the position of the 
particles of poison on the surface tension 
layer of the water of the breeding place 
within reach of the surface feeding larvae 
The term stomach poisons is a good one 
with the understanding that the poisons 
may be effective in other parts of the gut 
It IS possible that the same larvicide may act 
both as a stomach and a respiratory poison 

Chemical and Other Properties op 
Paris Green 

Pans green a copper aceto arsenite is a 
double salt of copper metaarsenite and cop 
per acetate In the pure state it contains 
the equivalent of 58 62 per cent of arsenious 
oxide Under the United States Federal 
Insecticide Act of 1910 the name Pans 


green is restricted to products containing a 
minimum of 50 per cent of arsenic calcu 
lated as oxide One should be sure that 
the Pans green to be used as a lamcide 
contains at least that percentage 

Pans green is soluble in acids and am 
monia but in the pure state is practically 
insoluble in water In the digestive tract 
of the larva it is presumably more soluble 
than in pure water The solubility m water 
of ordinary commercial products of Fans 
green depends on the amount of free arseiu 
ous oxide in them Such products contain 
about 1 to 3 per cent of free arsenious oxide 
and average about 1 4 per cent U S Fed 
eral law prohibits interstate commerce in 
Pans green containing more than 3 5 per 
cent 

Pans green then is especially suitable 
as a lanicide because of its high toxicity 
within the gut of the larva and its low 
solubility in the water of the breeding place 
Again it IS easily spread and penetrates 
reeds or grass covering the surface of the 
water It is easily transported and is rela 
tively cheap 

It has the disadvantage of failing to af 
feet mosquito eggs or pupae so that it must 
be applied at shorter intervals than oils 
Small larvae however are poisoned as soon 
as they begin to eat provided the Pans 
green used contains some fine dust as is 
usually the case It is comparatively less 
efficient against culicines or other larvae 
not surface feeding (see below under the 
topic Pans green and culicines ) 

Dilution with Dost 

When spread in powder form Pans 
green is usually dilated with some inert 
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dust, the dducnt being used to present is especially advantageous for no transpor 
overdosage and to insure better distribution tation or sifting of the dust is required 
ov er the breeding place hfauy aorta of dust There is perhaps greater danger of over 
hare been used road dust fine gravel, treatment of a breeding place vrhere dust 
sand charcoal dost talcum soapstone sibca is spread by baud although 1 have sf<n 
earth, ashes and slaked lime are csatnples great abuse in this respect where blowers 
A dilution in common use is 1 pari Pans were used “Dumping” of the lanicide 
green to 100 parts of inert dust by vcdume burden instead of proper spreading may 
Dust mixtures should be deposited as happen in an> case — perhaps mote often 
nearly as possible only on the surface of when the workman is burdened by the dust 


the water and not made to penetrate the 
BUiiaee tension layer Therefore dusta 
must be dry for particles of Pans green 
will stick to a moist vehicle and may be 
carried under the water Some dusts ss 
slaked Ume sometimes cohere in small 
masses and submerge the poison Dry sand 
or gravel is especially good for the treat 
meot of certain less accessible breeding 
places, for one may project them consider 
able distances even through trees and brush 
The greenish cloud which separates from 
the sand or gravel is particularly larvicidal 
Larger particles of the vehicle are bound to 
sink but we have shown by experiment that 
an effective percentage of Pans green will 
adhere to a large particle of dry gravel, 
even when projected several yards against 
the wind, and wiU be left on the surface 
when the gravel strikes the water 

The choice of a dust often depends on 
wbat is most available during the breeding 
season of the mosquitoes ‘Usually nearness 
to breeding places is an important factor, 
although dasts may bo ci^ected sifted xf 
necessary, and stored at any convenient 
tune or place Airplane dusting or the use 
of dust blowers may demand special re 
qmrements 

Anopheline larvae ingest almost anything 
on the surface of the water if fine enough to 
enter the gut unless it consists of some sub 
stance distinctly repulsive to them 

Dusts are commonly thrown by hand or 
spread by dust blowers (also called "dust 
guns” or “dusters”} Spreading bv hand 
has the advantage of requiring no ma 
(dunerv which must be earned by the work 
men and which is likely to g^t out of order 
■Where drv dust sand or fine gravel is pres 
ent at the breeding place spreading by hand 


blower as well as by the dost 

Workmen accustomed to the use of dust 
Mowers m agriculture make better distnbu 
tors of larvicidea because of their greater 
experience with the machinery and its op- 
eration Such workmen have proved to be 
'valuable in application of larvicides in Italy 
{Hackett 1925) 

Dusta should be mixed well with the 
Pans green before spreading Various sorts 
of mechanical mixers have been described 
most of them consisting of a revolving box 
or barrel provided with baffles inside 
■Where no blower is earned and the dusts 
at the breeding place are employed we have 
done successful mixing by hand in the ped 
in which the larwcides are earned 

Application of dusts by airplane will be 
described in another part of this paper 

DtLimoN wiTO 'Water op a J&roseke- 

TREATED PARIS GBSEJ/ 

Barber, Bice and hfandekos (1936) iai'e 
desenbed a method by which Pans green is 
made more floatable by mixing mth kens 
Bene and w subsequently diluted with water 
at the breeding place The ingredients are 
mixed in the proportion of 10 gm of Pans 
green 20 cc of kerosene and one cc of a 
solution of egg albumen This mixture may 
be stored in bulk and eventually carried to 
the field m containers each with capacity 
of 15 to or 20 cc, quantities suited to the 
capacity of the sprayer Th«e containers 
are well closed and may be earned in a belt 
cartridge fashion 

At the breeding place (where water is aJ 
waya present) the mixture is thoroughly 
mixed 'With about 250 volumes of water 
For breeding places little encumbered with 
debris of any kind this proportion may be 
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1 to 500 of water This diluted larvieide is 
spread by means of a liquid sprayer The 
mixture in water must be kept agitated 
somewhat a purpose which is usually ac 
complished by the act of carrying and using 
the sprayer One knows that he is keeping 
the contents of the sprayer well mixed if 
the spray cloud continuous!} has a greenish 
tint 

The egg albumen makes an evener mix 
ture in the sprayer and helps to prevent 
cloggmg of the nozzle It is best applied by 
making a solution of about 5 gm of dried 
egg albumen in 150 co of water and adding 
about 4 per cent of this solution to the Paris 
green kerosene mixture Or one may add 
the albumen solution to the water diluted 
mixture in the sprayer using of course an 
appropriately smaller percentage 

In the proportions employed lu the Pans 
green kerosene method the kerosene does 
not act as a larvicide per se but functions 
as a vehicle for the Pans green and as a 
means of keeping it afloat Eventually the 
kerosene evaporates and leaves the partides 
of Pans green free on the water surface in 
which condition they are presumably more 
liable to be eaten by larvae than when mixed 
with a dust The kerosene dilution method 
can be employed in any kind of weather 
just so it 18 not raining at the time of appli 
cation 

In one field experiment about 100 square 
meters of breeding area very grassy but 
relatively free from surface debris was 
treated with 2 400 cc of a Paris green kero 
senp water mixture The dilution was made 
in the proportion of one part of Paris 
green kerosene to 500 parts of pond water 
and the amount used represented 5 gm of 
pure Fans green Before treatment this 
area contained 1 to 20 larvae fflacwl** 
pcnn« and A elutus) per dip while oo the 
following day no living larvae conld be 
found 

Barber Rice and Mandekos (1936) de 
vised a method for spreading the Pans 
green kerosene mixture without the use of 
Ihe sprayer or egg albumen — a method 
especially useful where an abundance of 
sand or fine gravel is present. The Pans 


green kerosene mixture is well mixed m 
moist sand or gravel in the proportion of 
about 30 cc to 3 liters of sand or gravel The 
degree of moisture of the diluent is un 
portant If too wet it cannot be easily 
spread If too dry the Pans green kero- 
sene will paint itsdf on the dry partides 
and maj sink to the bottom with them 
whde particles suitably moist will give up 
their lamcides in the form of a blotch or 
film when they touch the water A simple 
rule 13 to make tbe mixture of sand or gra\ el 
with the larvicide moist but not too wet to be 
easily strewn One can often get the right 
moisture by blending wet and dry sand at 
the stream side 

The sand or gra\el can be easily strewn 
bv hand and may be directed to any part of 
the breeding place even against a strong 
wind Tbe lamcidc thus prepared is less 
liable to get into the clothing or nostrils of 
the operator for it does not separate from 
the moist vehicle until it reaches the water 
surface One may add a spreader to the 
Pans green kerosene mixture in the form 
of oleic acid (one p^r cent or less) or of some 
vegetable oil or reiin But such spreaders 
do not seem to he necessary for good filming 
except in cooler waters Wind of course 
aids in the spread of films One may use 
this form of larvicide Immediately after a 
rain if desired 

We made an experiment with Pans green 
kerosene gravel m a pool containing many 
anopheline larvae — over 3 per dip The 
Pans green kerosene mixture was spread 
over wet pebbles each of which was about 
1 5 cm in diameter Certain pebbles were 
distributed in water surfaces of known area 
and more or less confined by the bank or 
other natural barrier From a single pebble 
tbe larvicide spread about one half yard in 
One direction and from one and one half to 
three yards in another practically sten 
Imng this area The next day we found 
many dead larvae (some of them with Pans 
green stiU demonstrable m the intestine) 
and only one Lving one The water of this 
pool contained little debris and its surface 
bad been cleared by a recent rain. 

In a laboratory experiment, a single gram 
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of Pans green kerosene treated sand abont 
1 nun m diameter practically cleared of 
living larvae an area 10 cm m diameter — 
about the size of that m a large track pool 

"We have found the Pans green kerosene 
moist sand method very useful against 
larvae of A £ram6«ic m the partially dried 
river beds of Brazil (Barber 1940) 

I have experimented in the laboratory 
with a Pans green made more or less float 
able by treating it with a small amount of 
parafEn dissolved in kerosene The kerosene 
was drained off by filtration and the powder 
subsequently well dried This powder was 
mixed with moist sand and spread m some 
cipenmental bowls with very pronusing 
results 

Aziz (1939) used a ‘light Continental 
pans green' mixed with water from the 
breeding place with no addition of kerosene 
or egg albumen fn his earlier expert 
ments he used a stock solution of about 1 000 
ce of Pans green m 2 000 cc of water, which 
at the breeding place was diluted with 
stream water m the proportion of 20 to 29 
ce of stock solution to 6 or 8 liters of water 
This final dilution was applied by means of 
a sprayer Later he discontmued the use of 
the stock solution and carried the Pans 
green to the breeding places in packages of 
a quantity gufScient to make one charge or 
a half charge of the sprayer It was then 
mued just before nse, either by pouring it 
into the sprayer and adding water or by 
mixing first in some container and then 
pouring It into the sprayer Each liter of 
the mixture in the strength described should 
suflSce to treat an area of about 60 square 
yatda, th« amount varying with the nature 
of the breeding place Aziz thinks that m 
Cyprus conditions the Pans green water 
method is less expensive and more effective 
than either the Pans green dust or the Paris 
green kerosene methods 

It seems to me that the modification of 
Aziz 13 promising especially where a more 
or less floatable Pans green is available 
and the method should be suitable for con 
ditions other than those of Cyprus It is to 
be remembered that the purpose of the kero 
sene » not only to make the Pans green 


more floatable but also to aid in spreading 
for kerosene tends to spread widely before 
it evaporates This filming which is ad 
vantageous for most still waters, might be 
less useful in Cyprus where anopheles 
larvae (mostly A superpictvs) are often 
found m flowing waters 

Dosaoz or Quantht or Paris Green to 
Be Used Per Unit op Breeding Arr« 
The toxicity of the lamcide is a prime 
factor the romimum lethal dose for a single 
larva is however hard to detemune It 
might be done by picking out with a capil 
lary pipette under microscopical control 
fragments of a crystal of a floatable sample 
of Pans green and later testmg this dose on 
a single larva One can get an approxuna 
tion of A lethal dose by a simple expenment 
A larva is put into a Petri dish containing 
water and kept under observation under a 
hand lens ^en it is feeding well a very 
small amount of Pans green is carefully put 
on the water surface near it When it bss 
ingested a small particle it is removed by 
a pipette to a second dish, washed and put 
into a third where the time of its sumval 
IS noted 

The size of particles efficiently toxic can 
be determined by another procedure The 
sample of Pans green to be tested is mixed 
in ether and filtered through a paper filter 
of known permeability The filtrate is 
placed on water in a suitable container and 
beside it a control with ether but no Paris 
green on its surface "When the ether has 
evaporated which may require a day or two 
according to the temperature and amount, 
anophelme larvae ere introduced into both 
control and treated containers and the de- 
gree and tune of mortality observed The 
purpose of the ether is to afford a volatile 
substance which will leave the particles of 
larvncide on the surface of the water 
Laboratory expenments show clearly that 
Amounts of Pans green so small as to escape 
visibiiity under the hand lens may poison all 
larvae m a container In one laboratory we 
had a good deal of mortality among 
anopheline larvae in our routine breeding 
containers an occurrence puzzling until we 
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learned that Pans green was being mixed 
in another part of the building and that 
enough of it came through the open doors 
to kill our lar\ae 

Dosages of lameide determined in the 
laboratory are applicable in open field work 
only to waters practically free from anr 
face obstruction of any kind In these 
waters the lameides tend to disperse widely 
after they reach the water When the 
spread of the lamcide is obstructed by 
scums floating particles of wood algae or 
debris of any kind the dosage of lamcide 
has to be increased The dry larvicide may 
penetrate \ertical 'vegetation hut some of 
it will he lost in passing through Ram 
tends to break up scums and beat do'wn algae 
and a treatment soon after a heavy shower 
maj require comparatively little Umcide 
Flowing streams require more than still 
water and often more careful spreading of 
the lamcide 

It IS evident that to prescribe a definite 
dosage of larvicide may more often mislead 
than assist The best procedure is first to 
determine roughly by dipping the numbers 
of larvae m the water to be treated Try 
at first a light treatment of larvicide then 
determine preferably on the following day 
the results of this dosage The presence of 
dead larvae on the surface of the water will 
often help in ascertaining results if the 
eiammation be not too long delayed Such 
preliminary tests are almost necessary in 
beginning work in a new terrain 
The commonest fault is over treatment 
One sometimes sees treated pools fairly 
green with larvicide A preliminary test 
would have shown that for such pools a 
dosage one tenth as great would have snf 
fi^ed Generally the appearance of a green 
color on the water or the banks indicates 
that a part of the lamcide has been wasted 
Some approximation of proper dosages 
may be useful at all events as a guide to 
preliminary tests We have indicated the 
results of certain dosage in the Paris green 
kerosene experiments In dusting Hackett 
(1925) showed that in waters with algae 
but 'With banks clean the 'use of 002 ec of 
Pans green per square meter gave 060 per 


cent killing of anopheles larvae among 
reeds a dosage of 0 04 cc per square meter 
gave a killing of 99 4 per cent, in heavy 
broah and cane 005 cc per square meter 
a tnlling of 98 0 per cent 

Danger or Poisoning Man or Domestic 
Animals bt Paris Green 

In considering the danger to man or 
domestic animals by drinking waters treated 
by Pans green or other little soluble arse 
meals one should keep in mind the fact 
that such larvicides rest on the surface of 
the water and are eflective against larvae 
not by arsenic in solution m water but by 
that in solution in the gut of the larva 
Only a tiny amount scarcely detcctiblc by 
chemical means is in solution m water and 
this amount is negbgiblc where a brand of 
Pans green little soluble m water is used 
and IS applied in proper dosage Even if 
the surface of the water is thickly covered 
by Pans green it is unlikely that an animal 
drinking m the ordinary manner would get 
a toxic dose 

Although Pans green has been used for 
nearly 20 years as a larvicide for anopheline 
larvae there is scarcely an authenticated 
case of serious poisoning of man or domestic 
animals from its use at all events when 
applied in a proper manner Hackett 
(1925) states that its use in wells one gram 
to 20 square feet is quite safe Sweet and 
Rao (1934) treated wells m Bangalore City 
India Their routine was to treat a well 
weekly with 6 puffs with a hand blower of 
a 2 per cent mixture of Pans green in road 
dust Except immediately after the appli 
cation of Pans green the most debcate testa 
available failed to show its presence either 
in the water or in deposits from the bottom 
of wells which had been treated weekly for 
considerably over a year 

Missirob (1917) states that accumulation 
of arsenic through long application in the 
same water does not take place because any 
dissolved arsenic is volatixed by the micro- 
flora of the water He used as a test of 
arsenic in water the fungus FenteUlium 
irevwxuU the growth of which produces 
a garlic odor in the presence of arsenic 
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Sometimes the fear of harm by the tise of 
lamcides has been more troublesome ♦haw 
the lamcides themselves, especially m 
countries unaccustomed to the use of msecti 
cides in agriculture I have sometimes com 
batted this fear by a verj simple demon 
stration Water was set out in a container, 
larvae introduced and treated with a dose 
of Pans green sufBcient to kill all of them 
A second container was placed beside the 
first and received the same dose of lamcide 
After treatment I have myself drunk the 
contents of the second container (the first 
if one previously fishes out the larvae) Of 
course no harm followed 

As m the case of arsenicals used in agn 
culture the person spreading the poison 
should take some simple precautions against 
getting too much dust next to his skin or 
into the nostrils Usually attention to the 
direction of the wind proper clothing and 
a bath after work will sufQce to prevent skin 
lesions Where kerosene is used as a di 
loent especially when on moist sand or 
gravel such danger should he small 

Errecr ok Fisn 

There is no published evidence that Pans 
green has any deleterious effect on fish or 
other water fauna predaceous on larvae 

Eftect ok Rice Piants 

Rao and Sweet (1937) measured care 
fully the effect of dusting certain rice fields 
in India Their conclusion was that, with 
a one per cent dilution of Pans green in 
wood ashes used in quantities commonly 
employed for larval control no effects could 
be demonstrated which indicated that Pans 
green decreased the rice and straw yield or 
increased the amount of chaff There was 
no indication that stopping Pans green 
treatment was necessary during the penod 
m which the nee plants were in flower 

Fbequenct or Appucation or Paris 
Greek Treatmekts 

The interval between applications of 
Pans green to a breeding place must vary 
with conditions especially with the water 
temperature, and that of about a week is 


suited to most conditions. The proper 
interval can usually be determmed by a 
few preliminary observations Barber and 
Olingcr (1931) had to dust every 5 days in 
treating A. pambtae (costalis) m Africa. 
This species in the warm coastal region of 
West Africa will develop from egg to adult 
m about 7 days 

Paris Greek and Cuucines 

Culicine larvae are poisoned by Pans 
green when the poison is ingested but their 
manner of feeding below the surface makes 
the poison less accessible to them Barber 
(1925) did many experiments to ascertam 
the effect of Pans green on culicines and 
determined that a fairly heavy mortality 
can be attained in shallow water where the 
larvae feed on the particles of green which 
have sunk to the bottom Also one may get 
a good killing where thick v egetation occurs 
in the breeding water just below the sur 
face 

Qnflltts (1927) mixed Pam green with 
wet sand in various proportions in one ex 
perjment with one part of Pans green to 
100 parts of sand He attamed m various 
experiments a killing of 95 to 100 per cent 
of the larvae of different species of call 
cines The breeding water varied m depth 
from 2 inches to 1 foot The wet sand 
served as a "Binker’* to carry the lamcide 
to the bottom within reach of the bottom 
feeding larvae 

King and McNeel (1938) attamed under 
field conditions e high percentage of killing 
of Afdes taemorynehus bv means of Paris 
green mixed with water and applied with 
a small pressure spray er In another natu 
ral breeding place contammg much vege 
tation and infested by Psorophora they 
attained a high mortality with Pans green 
diluted in water and spread by means of a 
sprinkling can The depth of this water 
varied from a few inches to one foot Their 
important experiment in treating CuUx 
qmnquefasciaius by means of Pans green 
spread by autogiro will be described in this 
paper under Distribution by autogiro ” 
They found that calcium arsenite was 
about as effective as Pans green on cub 
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cmes King Bradley and McNeel (1939) 
warn against snbstitutiug calcium arsenale 
as a lamcide for the more toxic calcium 
arsemte They (1939) state that Pans 
green will destroy Citica: gumquefttsctatns 
in ditches shallow ground pools and catch 
basins although oil is usually preferred as 
It deters o\ iposition 

Distribution op Paris Green bt 

AiRPIxAJIE 

King and Bradley (1926) hare done the 
pioneer work in the use of airplanes in the 
distribution of Pans green for lameidal 
purposes They made preliminary testa m 
which dry glass plates and dishes contain 

anophelme larvae were placed in an 
open field and treated by airplane It was 
found that a dosage represented by 10 or 
more granules of Faria green per square 
inch gave a mortality of 100 per cent of 
larvae that one trip o! the airplane at au 
altitude of IS to 30 feet above the ground 
effectively treated a strip 300 to 400 feet 
wide and that the quantity of Pans great 
required was at the rate of about one pound 
per 20 acres These figures would apply in 
natural breeding places only to waters free 
from surface debris trees and aquatic vege 
tation 

In their subsequent tests over natural 
breeding places the authors used a nuiture 
of about 10 per cent of Pans green in 
Tripoli earth as a diluent The amount of 
dust used was regulated by a hopper valve 
Within the airplane and varied with the 
amount of bmsh and trees over the breed 
mg place In two final tests of 1924 made 
m lakes overgrown with aquatic vegetation 
the percentage of anopheles killed vaned 
from 88 per cent in the first test to 99 per 
cent in the second Dew caused the dnst to 
adhere to vegetation but when the wmd 
was not too strong work conld be done after 
the vegetation had dried It is essential to 
employ skillful pilots who can fiy relatively 
low and make proper use of the wind m 
directing the dust cloud 

The cost of dusting ordmary breedmg 
places such as were present m the Xiouisiana 
area was estimated at fifty cents to one 


dollar per acre including the cost of the 
lamcide 

Williams and Cook (1927 and 1928) have 
continued the work of application of Pana 
green by airplane with the cooperation of 
the United States Harme Corps at Quan 
tico Virginia There thi» production of 
anopheles occurred in flotage consisting of 
mats of eel grass and of water lilies They 
found that the effective quantity of Pans 
green was one pound per acre and they 
used principally powdered soapstone as a 
diluent Vith wmd velocities of less than 
4 miles per hour and flying heights of 100 
feet or less a 25 per cent content of Pans 
green was effective while with winds of 
greater velocity and flying heights of over 
100 feet a dilution of 50 per cent was effec 
tive When breedmg was continuous and 
heavy it was necessarj to dust at weekly 
intervals The cost of the material was 
$0724 per acre 

Watson Kiker and Johnson (1938) and 
Kiker Fairer and FJanary (1938) report 
on the use of the airplane m certain im 
pounded waters. Their experiments were 
done under the auspices of the Tennessee 
Valley Authority It was found that one* 
half pound of Pans green per acre would 
not sifford uniformly effective results but 
that the distribution of one pound per acre 
gave satisfactory control of anophelme 
breeding except in the presence of dense 
vegetation Experiments are being con 
tinned by these workers and their results 
will appear m subsequent publications 

Distbibution bt Autogiro 

King and hIcNeel (1933) used an auto* 
giro equipped for Bpravmg liquids and 
experimented with Pans green m water on 
the larvae of CuUx guinguefascialvs The 
larvae were contained m dishes arranged m 
two Imes these bnes placed at nght angles 
to the direction of flight and 500 feet apart 
The plane was flown at a speed of about 45 
miles per hour and at an altitude of 8 or 
10 feet above the ground In one expen 
ment m which 8 pounds of Pana green was 
mixed m 25 gallons of water the mortality 
of the larvae vaned from 61 to 96 per cent 
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depending on their distance from the line 
of flight The effectn e strath was at least 
50 feet m width 

In these experiments the spray remained 
moist enough to sink and act on the cnlieme 
lartae One would expect success on anoph 
eles with a floatable larticide or with a drj 
larvicide also spread b} autogiro The ex 
periments of King and JIcNeel are of great 
importance in indicating the use of auto* 
giros or other modifications of the airplane 
for various sorts of breeding places 

DisTPracnov by a Power Dusttno 
Machine Carried iv a Boat 

LePnnce and Johnson (1929) have de 
vised an apparatus designed for the treat 
ment of lakes or other larger bodies of 
water The blov er can be operated by one 
man and the whole unit placed m a small 
boat Hydrated lime contamiog 15 per 
cent of Parts green gave the most satisfae 
tory results Is moderate breezes each a 
zuxtare gave a lethal path at least 525 feet 
wide ilaterial costs were as low as $0 15 
per acre 

It is well worth tiy mg to devise a similar 
apparatus for spreading a Pans green made 
floatable b} kerosene or by some other 
means and diluted with the water of the 
breeding place 

In connection mth the spread of larvicide 
by airplane or other mechanical means it is 
encouraging to remember that a partial de 
struction of anopheles in large breeding 
places may be verj useful because generally 
malarial transmission depends on the den 
sity of the mosquito vector I have studied 
for a period of some years a pond in Greek 
Macedonia which supplies A elutu$ and 
intense malaria to 5 or 6 different villages 
all situated withm a radius of 5 kilometers 
A partial control of this pond might at least 
protect the more distant villages Certain 
anopheles as A p$eudopuncUpennu m 01^ 
Mexico and A pharoensts in Egypt, appar 
ently are serious vectors only where their 
density IS great , 

Howard and Andrews (1940) mixed 
Pans green with hydrated lime and applied 
jt over a large breeding place They deter 


mined the character of the dust deposits at 
varjnng distances from the point of distn 
bution and found that the lime went a 
greater distance than the Pans green 
The} warn against judging the area effec 
tivel} treated by the visible clouds of dust 

luPBOVESIEVT or LarvICIDES and or THE 
AIethods or Appucation 
In testing new stomach poisons for larvae 
the following points should be kept m 
mind The larvicide must be very toxic in 
the gut of the larvae and practically insolu 
ble in water The larvicide should be inex 
pensne Whatever success one has with a 
larvicide in the laborator} it must be re 
tested in the natural breeding places 
Three should include both shallow and deep 
water and scattered track pools, also water 
with various surface covering 
These requirements bold for a lamcide 
which IS designed for all sorts of breeding 
places For special places, eaeb as welJj^ 
cheapness may not be so essential 
M} colleagues and I have made many 
attempts to And new larvicides and to im 
prove the method of apphcation of those we 
have and a short account of some of our 
failures or partial successes may be useful 
Carbonate of copper filled the require- 
ments of cheapness insolubilit} and ease of 
spread and in the laboratory killed the 
anopfaeline lanae But in the field we 
found that its low toxicity required too 
heavy a dosage to make it practicable 
In certain field tests we found that iodo- 
form diluted in road dust was practically 
as effective as Pans green Iodoform has 
two disadvantages It is relatively expen 
give and must be fresh or carefully pre- 
served in order to be effective against lar 
vae But it might prove useful m wells 
where only small quantities are needed, 
and la the crude form at least it la easJy 
manufactured so that long storage would 
not be necessary It is doubtful if persons 
with no hospital experience would object 
to the odor at all events where very small 
quantities are employed. 

For breeding places such as smaller 
ponds pools and the like we have used Pans 
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green incorporated in small masses or cake* 
These have the property of floating on the 
surface of the breeding place slowly dia 
integrating and giving up a floatable Pans 
green to the surface of the water The 
essential mgredients are Pans green made 
floatable by treating it with parafBn dis 
sohed in carbon tetrachloride a plaster of 
Pans matrix to attain slow disintegration 
and safficient cork dust mixed in to make 
the whole mass floatable It was found m 
field experiments that if a cake of lamcide 
sank it got lost in the mud of the bottom 
This sort of larvicide should be easily dis 
tnbnted In treating a senes of pools one 
could throw a cake or two of larvieide into 
each and theoretically one treatment should 
suffice for several weeks 
In the laboratory these cakes worked per 
fectly but in the field where pond levels 
varied considerably, the released Pans 
green did not spread well sometimes be 
«aus« takes kodged on the ihott I 
still think the idea a fertile one and that 
the technique of manufacture and distribu 
tion of this lamcide can be improved In 
their present form the cakes might be use 
ful in places where rams are almost con 
tinuous. The rams would aid m the spread 
of a floatable larvicide but might render 
difficult the use of ordmary powders 
For a time we hoped that the mixture of 
stomach poisons in some non evaporating 
oil or resin might aid in their application 
Such substances spread widely m broken 
patches if not in a film and wind or ram 
should aid m their dispersal so that appli 
cation of the lar\icide in one place might 
he sufficient for a whole pond It is possi 
ble to get lamcides m solution in oils or to 
incorporate them m the form of fine gran 
ules. Lari ae readily ingest particles of oil, 
as the dissection of anopholme larvae from 
oil treated waters shows Quantities of oil 
much smaller than those necessary for 
respiratory poisons should suffice But we 
found that larvicides in oil pass into the gut 
and cause little mortality among the larvae 
It seems that the oils or resins prevent the 
solution of the poison or otherwise prevent 
Its entrance into the larval cells. 


These experiments have served one use — 
to warn against the use of too much paraffin 
or other insoluble substance m makmg 
Pans green more floatable 

Several brands of Pans green are on the 
market some of them claiming greater 
fineness and floatability both good quail 
ties when there is no accompanymg loss of 
toncity for larvae The toxicity of very 
fine particles can be determined by filtra 
tion through filters of known permeability 
(see under the topic The dosage or quau 
tity of Pans green etc ) Floatability 
can be estimated roughly bj shaking a sam 
pie with water in a test tube and noting the 
percentage of green which comes to the sur 
face 

Thb Choice op a Stomach lunvicmB and 
OP Method op Appucation 
The choice of a stomach lamcide and 
method of application must depend on the 
conditions For the present it appears 
that Pans green is the most suitable lani 
cide The method of application will de 
pend on circumstances In partially dry 
river beds with much sand and gravel I 
should try a moist vehicle mixed with Pans 
green made floatable by kerosene or by some 
other method For continuously rainy 
weather some of the floatable Pans green 
methods may be especially suitable In 
semi-desert countries with stony streams 
and e fair amount of dry dust available 
I should prefer the distribution m dust by 
hand or the modification of Atiz. For very 
large bodies of water out of the reach of 
small dust bloMcrs or of band treatment 
airplanes or other mechanical methods are 
most suitable 

The Necessitt op a Trained Inspector 
IN liARVicniAL "Work 
In some lamicidal enterprises which I 
have observed the workman was given a 
bag of Pans green or a can of oil and left 
to look after the work with little or no 
snpervisiOD The results were about as one 
would expect if brick laj ers or carpenters 
were given a blue print and told to build 
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a house The work must be be^n properly 
by determining the dosage and method of 
application of the larncides Then during 
the season the work must be kept under 
observation and results must be measured 
by the density of mosquitoes m certain rest 
mg places or m suitable traps The final 
test, that of the dunmution of malaria may 
have to be deferred to the end of the season 
or to some later time 

All of this 15 the essential bookkeepmg of 
the busmess Good inspectorship is the 
more essential since the results of the work 
may not stand out as would a finished 
bridge or wall, but appear in the far less 
conspicuous form of larvae in a pool or 
adnlt mosquitoes in a bam Sometimes a 
conscientious workman will do wonders 
after bnt little training but such cases are 
unfortunatelj rare 

Controls are of course essential Long 
observation has taught me that a single 
control Tillage or pond is unsatisfactory 
because of the liability to wide natural van 
ability A group of such controls is far 
better 

Discussjov 

It is hardly necessary to state that m 
anti mosquito work one prefers such perma 
nent measures as fillmg or drainage Bat 
there are many cases such as that of im 
pounded water where such measures are 
impossible Again lamcides must often 
supplement engmeering measures by pre 
ventmg mosquito production in ditches and 
canals 

So that larvicides will be always nsefnl 
the development of new reagents and new 
methods of application shonid be encoar 
aged. 


SUSIMABT 

1 Pans green (aceto arsenite of copper) 
IS effective because of its high toxicity to 
mosquito lanae, low solubibty m water, 
ease of application and relative cheapness 

2 Its disadvantages are its failure to 
affect pupae or eggs of mosquitoes and its 
mefiicacy against culicine mosquitoes m 
certam types of breeding place 

3 It may be diluted with dry inert 
powders with water after treatment with 
kerosene or if made more or less floatable 
by ao> means it maj be diluted without 
kerosene m water in dry dust or m moist 
sand or gravel 

4 The quantity suitable per unit of 
breeding area varies with the nature of the 
breeding place and must be determined by 
prebminary tests. Frequency of applies 
tion must also be predetermined by some 
tests for this factor vanes with tempera 
ture and species of mosquito Some ap 
proxunations are given here of both quas 
tity and mtervals 

6 If properly used, Pans green should 
be harmless to mao, domestic ammals flsh 
and nee plants 

6 Culicme larvae are killed by Pans 
green when jt is within their feeding radius, 
as m shallow water or m water provided 
with certam tyiies of vegetation. 

7 Pans green has been spread bj air 
planes autogiro and boat carried machines. 
Laree-scale dusting should be useful even 
if it only ditmuishes the density of malaria 
vectors 

8 Experiments with lamcides other 
than Pans green and with various methods 
of distribution of larvicides are described. 

9 The necessity of proper inspectorship 
for any kind of anti malaria work is 
stressed 
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A NATURALISTIC method of mosquito con 
trol may be defined as one that deliberately 
extends or intensifies natural control Biol 
ogists speak of contending natural forces 
of potential creation and potential destmc 
tion (Chapman 1925) A pool that offers 
suitable conditions for larvae is a natural 
creative force a growth of plant that 
eliminates larvae from the pool is a natural 
destructive force Most mosquito control 
measures aim either to destroy mosquitoes 
or to eliminate forces that are potentially 
suitable for their creation But natural 
istic control differs from these measures in 
that it aims pnmanly to utilize specific 
natural forces inimical to mosquito density 
or dangerous activity To poison larvae 
with Pans green is to cause death in an 
unnatural way to put water underground 
in subsoil pipes is to destroy a natural mos 
quito creating force But to shade a breed 
lUg place IS to intensify a specific natural 
limiting force Sometimes it is cheaper to 
go with such natural forces than against 
them hence the special significance of 
naturalistic methods 

Sini,e the paper by Williamson (1935) 
and a League of Nations bulletin (Hacbett 
«t <tl 1938) naturalistic control baa had 
increasing attention from malariologists 
hut there has not been agreement as to 
what measures should be included under 
this classification group Probably too 
many measures ha^e been put in this cate 
gory for there are secondary naturalistic 
aspects m many control procedures snch as 
sluicing and draining A classification 
should be based on primary character 
which in sluicing is management of water 
and in drainage is elimination of water 
each largely by mechanical effort The 
following discussion with one or two excep 
lions will be limited to measures that ap- 
pear to be definable as primarily natural 
istic 


It must be emphasized that (a) know! 
edge of anophelme biology is inadequate 
to permit fullest use of naturalistic mea 
sures (b) all methods must be chosen to fit 
specific requirements (c) all have inher 
ent defects and dangers and (d) there is 
no good reason (except experimental) why 
the application of any type of malaria 
control need be kept unmixed with the use 
of others 

Natoealisttc IIeasures Against Adult 
Mosquitoes 

Erecting plant barriers either to repel 
the insects or to block their flight adminis 
tering drugs to modify petspiratiou so that 
mosquitoes would be repelled treating bed 
rooms bouses or compounds to render 
them unattractive to mosquitoes using 
natural predators (including bats) in 
tensifynng winter killing or attempting to 
deviate vector species from man to animals 
for thcir food—none of these measures has 
yet been proved effective All but the 
last-named can be dismissed with the hope 
that in time adequate experiments will 
make it po^ible to evaluate them 

Deviation of vector species from man 
to euimals ooprophylozis has had con 
siderable attention for undoubtedly the 
presence or absence of malaria m some 
areas depends somewhat on whether or 
not and to what degree local anoph 
elines are naturally anthropophilic or zoo- 
phibc Anophelism without malaria, 
while sometimes mainly due to inadequate 
density of vector species is probably fre- 
quently dependent on the fact that local 
anophelines prefer animal blood to that of 
man Among the 160 or more species in 
the genus Anopheles only about 24 haw 
been proved to attack man as their pre- 
ferred hosts and only about 15 have been 
menminated as serious vectors But the 
situation IS complicated not only by 
S47 
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marked differences m food preferences 
among species but sometimes bj geographi 
eal jarjatwns w the habits of a gi\en spe 
cies 'Moreo\er some sector species like 
A minimiis var /latiros/ris in the Philip* 
pines feed on man or animal as occasion 
permits without a well marked preference 

Therefore an experiment on aooprophy 
laxis requires as much information as pos- 
sible about feeding habits of the local 
anophehne suspected of carrjing malaria 
Precipitin tests to determine the usual 
sources of blood meals of the \ecfor are 
essential For these the method of Rice and 
Barber (1935) is most suitable It is also 
useful to make census studies of animal 
and human populations in relation to 
malarial pre^ale^ce to studj the flight 
resting habits and time of feeding of the 
local sector 

In such experiments some attention 
should be paid to spacing beti^een the am 
mal barrier and the humans it is designed 
to protect for when dea'ing with anoph 
elines that bare no strong preferences it 
18 possible to increase rather than decrease 
the danger by stabling animals too near a 
bouse (Russell 1934) In spite of a great 
deal of speculation and preliminary study 
It IS not possible to cite a definiteU success 
ful attempt to control malaria br zoopro 
phylaxis 

Naturalistic Measures Against BIosqutto 
Larvae 

Drying by planting Not much can be 
said for attempts to control malaria bv 
planting trees to dry water logged land 
although occasional reports ha>e appeared 
regarding the use of such trees as Euea 
lypfus Cassia, and Casuanna Probably 
orthodox drainage would in most cases be 
preferable Howe\er Hopkins (1940) re 
ports some success in using afforestation 
with Eucalyptus robusia to dry Uganda 
swamps where A gamiiae and A funesius 
breed 

Altering flora One sometimes observes 
the disappearance of anophehne larvae fol 
lowing some natural alteration in the flora 
of a breeding place For example a growth 


of Wolffia arrhtza o>er the surface of a 
pool mil inhibit all mosquito breeding 
This effect has also been reported m the 
pr«ence of Letnna minor and of iSaltiinw 
eucuUata and Azolla It might be possible 
to use this natural force in mosquito con 
trol but at present too little is known 
about transplanting such plants and en 
couragmg the rate and luxuriance of their 
growth 

Some success has followed procedures 
for killing top-algae and stimulating bot 
tom bln'^green algae in salt water fish 
ponds in Java So, too it is reported that 
b> introducing a species of herbivorous 
fish Puntus jaianicus into fresh water 
fish ponds in Ja\a the edges were kept 
dean weeded and larva control bj Panchax 
fishes was obtained (Hackett et al 1938) 
Howe\er one must asoid altering flora in 
such a manner that vector species are at 
tracted rather than controlled bj the 
changed conditions 

Agitating water surface Although in 
termittent agitation m agricultural and 
domestic wells and gentle swells in a tidal 
basin are usually not sufBcieut to deter 
anophehne breeding mosquito larvae and 
pupae are not found in water continuously 
ruffled by waves Occasionallj this method 
maj be used in mosquito control 

Scharff (1935) used agitation success 
fullj in some 200 agricultural pools on 
Penang fliH He kept them free from A 
maeulatus breeding by changing the water 
supply line from small ditches to bamboo 
pipes with outlets four to six feet above 
the pools 

Ribbey (1923 1925) reported using 
launches to create wave action for the con 
trol of A quadnmaculaius breeding on some 
Alabama lakes This device stranded float 
age and in conjunction with occasional 
hand removal of vegetation and debris was 
effective 

Experiments in Madras with wind acti 
vated diddlers ’ were not successful in a 
small pool but it appeared that further 
research might evolve practical control of 
this sort (Russell and Jacob 1939a) 

Pollution Anophelines m general will 
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not breed abundantly m water polluted by 
industrial wastes sewage or sullage water 
Tolerance to environment varies with spe- 
cies and both in the laboratorj (Russell 
and Mohan 1939 1940 1941) and m nature 
there are wide limits for a given species 
The eSect o! pollution is probablj due not 
only to tosic action but to some extent to 
microbic and physical effects on larvae 
and their food supply 

One seldom finds larvae of malarial vec 
tors in buffalo wallows or in pigBer> 
waters Streams polluted with bagasse 
from a Philippine sugarcane mill pools 
catching refuse from a Ceylon sisal fac 
tory and pits used for macerating eanepa 
hemp in Italy were not patronized by 
malarial vectors (Hackett al 1938) 

"Williamson (1935) was perhaps the first 
to experiment with pollution He tried 
herbage cover a measure which covers 
shallow water in pools or ditches with 
green cut grass herbage or leaves The 
herbage is trampled into a compact mass 
a foot or more high It should extend a 
foot or so be>oad the edge of a pool to allow 
for rainy weather extension In a ditch or 
small stream the packing may be held down 
by a double row of stakes In the Phibp 
pines good results have followed use ol 
coeoanut husks and fronds m narrow 
streams In Madras macerated cactus has 
been used in agricultural wells and tobacco 
stubble in borrow pits with success against 
anophehnes 

Malariologists should be alert for oppor 
tunities to cheapen control by using in 
dnstnal agricultural or home waste to pol 
lute breeding places Pig raismg may im 
prove the economic status of s community 
while vnth a little direction it tends to 
free pools or ponds of malarial vectors 

Changing salt content of uater Ento 
Biologists have noted many instances of 
natural control of anopheline larvae fol 
lowing freshening or salting of a breeding 
place Successful attempts at control have 
been based on this natural and potentially 
destructive force Strictly speaking the 
method probably should be classed under 
management of water rather than as a 
naturalistic method 


At Durazzo m Albania b> usin^ Calco 
tide gates m reverse position a brackish 
marsh was transformed into a seawater 
lagoon thus inhibiting 4 (lulus 

TVithin two jears breeding over an area 
of fifteen square kilometers was reduced to 
zero while the profits to the Government 
of an existing concession which has 
been greatly benefited more than equalled 
the cost of the operations (Hackett fit at 
1938) 

Excluding salt water has been useful in 
controllii^ both A sundaieus and A t>a>* 
biroslrts in Malaja (Hodokm 1938) In 
North Holland it has been found that abun 
dant irrigation in the new polders gradu 
ally washes salt out of the soil causing the 
vector anopheline to disappear 

Before ^termg natural lagoons a care 
ful study should be made of the probable 
effect on anophehnes Washburn (1933) 
reported that m a malaria free Jamaica 
town some seaside mangrove swamps be 
came land locked and partially dr; Then 
came heavy rams which filled them with 
water A albtmanus soon appeared with 
disastrous results Spleen rates rose from 
5 to 90 per cent and there were 4400 cases 
of malaria with 138 deaths in a population 
of 8000 "When the fresh water was drained 
off and sea water readmitted A grabhami 
replaced A albimanus and malaria sub 
sided 

Shading It has long been known in 
Malaya Assam and elsewhere that clearing 
a jungle ravme of trees and shrubs thus 
exposing a stream to sunlight is frequently 
the prelude to epidemic malaria. So too 
for many years entomologists have noted 
that some anophehnes hke A umbfosits 
prefer shaded breeding places whereas 
others, hke A albimanus prefer open 
sunnj places This natural phenomenon 
has been developed into naturalLStic con 
trot by shading as for example by Ram 
say and Macdonald (1936) in Assam 
Overbeck and Stoker (1933) in Java and 
Carr (1938) m Cuba. The reverse expos 
mg to sunlight, has more often resulted 
disastrously than helpfully 

Shading mav not control breeding di 
rectlv in fact Thompson (1940) found 
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that shade itself plajed no part m the 
control of breeding places of A minimus 
by dense shading The densest possible 
shade that could be produced m a field ei 
periment was still attractive to gravid fe- 
males In fact gravid A minimus was 
strongly attracted bj shade and would not 
o\iposit in an unshaded position Breed 
ing continued until death of vegetation 
left the edge of the flowing drain com 
pletely denuded In other words the 
controlling effect against A minimus was 
due entirely to secondary effects of shade, 
6g increased water movement Effective 
control could be obtained by complete re 
moval of all vegetation at the edges with 
full exposure of bare edges to light 
Thompson (1940) notes that indiscriminate 
use of shading plants might do more harm 
than good 

In Assam such plants as duranta, tan- 
tana, Atbucus and tarapat have been 
planted along streams to control breeding 
of A mtntmua In Java Titkonia dtterst 
folia, a Mexican mangold, was used against 
A maeulatus In Cuba Carr (1938) used 
ien;amifla with excellent effect 
against A albmanus Good results have 
followed shading Malayan wells by erect- 
ing small thatched huts over them In 
Assam woven fiber mats were used effec 
tively to shade the edges of pools But lo 
Sou^ India we were not able to control 
A cultctfacies by shading casuarina pools 
(Russell and Jacob 1939a) nor have pre 
liminary experiments with well shading 
been successful Breeding of this species 
m field channels can be controlled by plant- 
ing rice When these plants are a foot or 
more high cuhafacies disappears We are 
not able to state yet whether this is an ef 
feet of shade or of a barrier although the 
latter appears more probable 

Carr (1938) noted a double effect of 
shade It not only of itself tended to drive 
out A albimanus but it also prevented 
algae and other vegetation from flourish 
mg thus depriving larvae of protection 
against fishes 

This naturalistic method of shade culb 
vaUon is not so simple as may appear The 


degree of shade required will vary and 
should be determined by experiment for a 
given species of mosquito The shade plant 
must be carefully chosen It should be 
easy to secure should grow rapidly and be 
hardy enough to endure local climate and 
storms Preferably it should be ever 
green and its foliage fruit and wood not 
attractive to man or animal After plant 
mg it may require cultivation and fenc 
mg and it must be inspected regularly and 
maintained 

Certain Assam ravines have been con 
trolled successfully by planting and culti 
vating shade while allowing natural jungle 
growth to return so that the end result has 
been dense, permanent shade which has 
given perfect control It is of course 
much easier to preserve natural shade than 
to reproduce it Undoubtedly the method 
has possibilities in American tropics 
against A olbimanvs but it should always 
have prelimmary experiments such as 
Carr (1938) carried out in Cubs 

Use of natural enemies Excepting 
fishes not much can be said for use of nat 
ural enemies of mosquito larvae in malana 
control Such planU as Utnculano prob- 
ably destroy some larvae but hav e had little 
experimental study in this regard Un 
doubtedly parasitic bacteria fungi vi 
nises and protozoa kill mosquitoes Some 
species have been actively used with sue 
cess against certain agncultural insect 
pests but none has had a suitable expen 
mental test against mosquitoes So too, 
certain nematodes annehda Crustacea and 
numerous hexapoda are natural enemies 
of mosquito larvae but have not yet been 
proved to be useful in malarial controL 
Even Notonectidae and Dytiscidae per 
haps the most active invertebrate predators 
have not yet had suitable experimental 
trials Various amphibians reptiles and 
birds have been observed to include mos- 
quito larvae m their usual diets but no 
eonvineing attempts have ever been made 
to stimulate them to give more than their 
natural help lu controlling larvae Only 
in the case of certain fishes has that poten 
tial destructive force against mosquitoes 
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Tvhich man} invertebrates and vertebrates 
certainly possess been intensified into sue 
cessful naturalistic control 
This subject has been reviewed by Hin 
man (1934b) As he noted one should re 
member that a predator that devours large 
numbers of larvae in an aquarium, may not 
do so under natural conditions where per 
haps its normal food takes preference 
However there have been successes id deal 
mg with certain insect peats of agriculture 
by utilizing predators (Sweetman I93fi) 
Fishes that have been most useful m mos 
quit© control belong to the order Cyprvno- 
dontes of which the two chief families are 
the oviparous Cyprinodoatidae including 
PancKax and the viviparous Poeciliidae 
including Gamhusta and Lebtstes The 
males of the PoeciUidae family are differ 
entiated from those of the Cyprmodontidae 
by having an elongate anal fin which is de 
veloped into an organ, of oopulation L< 
Iviti ret\cutatu$ ( guppies or Barba 
does millions ) is very prolific and has bad 
considerable value in the West Indies and 
uorthem South America especially la yel 
low fever prophylaxis But the most un 
portant fish as regards malaria control is 
Oambusta to some extent 0 holbrcoktt 
indigenous from Florida to Virginia but 
chiefly 0 affints Baird and Gerard of the 
Mississippi Valley Texas and North East- 
ern Jlexico (Rockefeller Foundation 1924 
Covcll 1931a) 

This discussion will be limited to Qam 
bttsia ojjfnts which Hildebrand (1921) 
has called by far the most important 
natural enemy of the mosquito known to 
date The usefulness of these fishes de 
pends on the following characters which 
they possess (a) habitat corresponding 
closely with that of Iar\ae (b) alertness 
and tendency to push into emergent and 
floating vegetation (c) a high food prefer 
ence index for larvae in natural surround 
togs (d) a remarkable fecundity and a 
rapid rate of reproduction in nurseries and 
natural bodies of water (e) hardiness and 
adaptability to waters deep and shallow 
open and confined clean and organically 


polluted sweet and brackish m tropical 
and temperate climates (f) ability to 
withstand handling and transport (g) 
worthlessness as food for man (h) infre 
qucncy with which they have been known 
to be destructive to other fishes 

In the southern United States Qambu$ta 
usually can be obtained locally without 
difficulty but to insure a ready suppl} it 
M advisable to choose a small shallow pond 
having an area of 500 to 1000 square yards 
for breeding of fishes This stock pond or 
hatchery should be cleared of large fishes 
by seining with a fine fish net or by dram 
mg and cleaning if it can be easily refilled 
It IS also possible to kill all fishes m a pond 
by exploding sticks of dj-namite The 
hatchery can then be stocked with from 100 
to 10(X) or mote Oamlusta For propo- 
ganda purposes and to safeguard the fishes 
from use as live bait by fishermen a sign 
post may be erected calling attention to the 
fact that the pond is a Qambuna nursery 
of the Health Department At suitable 
places m the pond screened shelters of 
3/16 meh wire netting may be built to shel 
ter young Oambusta from canzubaliatie 
parents If the stock pond has an outlet 
this should be screened with 14-16 mesh 
wire to prevent escape of the minnows 
Inlets should be screened to prevent en 
trance of other fishes 

Oambusia fishes can be collected by using 
a small net, some three feet deep on a 
12-foot handle or by use of a long bobbmet 
seme For transportation ordinary 5 to 
10 gallon milk cans may be used fillmg 
with water up to the point where the can 
narrows and using no stopper or else one 
with large perforations Not more than 30 
to 40 Gemh«»i« should be transported m a 
lO-gallos can 

Oamhusin m the latitude of the south 
em United States will have broods de- 
pending on size of female of up to 100 or 
more averaging about 30 every 4 to 6 
weeks from May or June to September or 
October The fishes amve at sexual ma 
tun^ m 4 or 5 months, Oamlusta will 
not Burvive northern winters out-of-doors 
bet if pools and ponds are restocked m the 
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spnng from indoor aquaria the fishes nml 
tiply rapidly 

In the tropics it is usually best to build 
a concrete tank for use as a t?am5«iia nnr 
sery (Mulligan and Majid 1936) Thu 
may be from 4 to 10 feet or more equare 
It IS a good plan to plant rushes in the cor 
nera and to add algae The nursery may 
have to be screened against birds or am 
mals preying on the fishes In hfadras ^ve 
have had excellent results with three such 
nurseries (30x30 ft 14x7 ft and 10 x 
16 ft) feeding finely chopped raw meat to 
the ^ant&ujia daily Fishes have flonr 
ished in these concrete tanks with maxi 
muni temperatures of air and water up to 
105® P 

We have transported Qamhuna m the 
tropica Buccessfully m various tiTpes of 
native clay pots adding some algae to each 
pot to prevent splashing It u necessary 
to allow free access of air and to a\oid 
overcrowdmg and splashing during trans- 
portation 

The cumbers of Oamhuaxa to be used in 
various types of breeding places to control 
mosquito larvae will depend on local coodi 
tions More are requir^ where the surface 
area u large or vegetation abundant In a 
well ten Oamhvsxa may be enough to keep 
down all breeding Ten to 50 may be 
needed m a cistern Low lying cul'erts 
holding water for a considerable time often 
maj be kept free from larvae by stocking 
liberally with Oambusia, at least 5000 per 
acre 


Before stocking a well with Oambusia it 
u wise to treat the water with chloride of 
Lme or "bleaching powder,” using 12 to 
16 ounces to 800 gallons of water This 
kills smaller fishes and brings the laiger 
ones Dp for removal by netting Sometimes 
a second treatment is required The water 
becomes potable in a few days but it is best 
to wait 10 dajs before introducing Gam 
busia (Bussell and Jacob l939b} 

Too few fishes or too much natural cover 
for lanae are primary causes of failure in 
mosquito control with Oambusia The 
former defect is in turn usually due to (a) 
natural enemies such ns larger fishes or 
live bait fishermen and (b) neglect The 
latter defect ma> consist of fioatage or 
vegetation especially when matted In 
many situations the cost of removing 
larger fishes or of keeping down larvae- 
cover would be excessive and consequently 
fish should not be used In other places a 
little help by removiDg matted algae is ell 
that the fishes require Sometimes it is 
advisable to combine fluctuation in water 
level with the use of Oambusia to provide 
cleaner edges and so less shelter for larvae 
Some years ago Oambujw fishes were 
overrated m mosquito control Now the 
tendency is to underrate them Extensive 
trials throughout the world dunng the past 
two decades have proved that Oambusia 
can give effective results in certain types 
of breeding places and considerable help 
in others 
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Distinct faunal regions of anopheles 
mosquitoes ha\e been observed and Boyd 
(1930a} has debneated these divisions geo 
graphically He classes in the Nearctic 
fauna those species of anopbelines occur 
ring in temperate and arctic North Amer 
ica including the United States Canada 
and Greenland This paper will be limited 
to a discussion of maUna and of the con 
trol of the anophelme vectors within these 
areas 

Basic E^obleus 

‘ Although nine species of anophelmes 
are represented in the Nearctic fauna only 
two are known to be important vectors of 
malaria namely A quadrmaeulaius and 
A maeulipennu This is due to the par 
ticular breeding habits of the insects and 
their associations with man A guadn 
maeulatus is the chief vector of malaria in 
the greater portion of the malarious sec 
tions. It breeds almost wholly in still water 
that IS relatively clean It requires some 
sunshine never being found in dense shade 
It IS not found in waters whollv unshaded 
Although A guadnrtiMulaiiis will feed on 
animals as do other anophelmes it will 
also feed voraciously on human beings and 
frequents human habitations An ideal 
breeding place for A guadnmaevhtus is 
lu freshly impounded water which fioods a 
basin contammg some underbrush and 
which IS sparsely covered with trees Such 
water quickly gathers floatage dying land 
vegetation twigs and leaves among which 
algae soon appear Snch floatage offers 
the requuite amount of shade and an aban 
dant food supply The supply of minnows 
and aquatic insects will seldom be sufficient 
to prevent mosquito production 


The normal detritus passing down a 
narrow stream will clog the interstices of 8 
fallen tree or branch and create a dam 
These natural impounded waters are excel 
lent breeding places for A guadrimaeu 
talus Swamps cos ered by a growth of vir 
gm timber on the other hand are not good 
brecdmg places They have a small seed 
mg of A qvadnmaeulatus but not enough 
to perpetuate malana When the lumber 
roan enters cutting out the large trees and 
leaving the small ones the branches and 
tree tops he changes a safe water surface 
into one almost ideal for A guadrmacu 
talus production ('Williams 1937a) 

Agriculture on the other hand usnall} 
has the reverse effect Where land is at all 
valuable A guadrmaeulaiHS swamps and 
ponds are drained 

In the river vaUeys of New Hexico Cali 
forma and Oregon, A maeulipennu is the 
malaria vector of importance This mos 
quito breeds in waters which are constantly 
refreshed such as overflows seepage areas 
contiouous-flow nee irrigation and stream 
poob below the river level It therefore 
IS apparent that much of our malaria is 
man made although such factors as climate 
topography and movements of population 
play an important part in its distribution 
and spread 

Economic Resoukces 

Cities and large towns are normally pros- 
perous and they have been quick to take 
advantage of modem conven]eDc«>s, such as 
water and sewerage sj-stems, improved 
streets and drainage Screens are almost 
universally used as protection from insects 
The utilization of these conveniences has 
resnlted in the elimination of anophelmes 
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and the consequent restriction of malaria 
to rural districts 

The rural areas adjacent to the flood 
plains of rivers are on the eontrarj, es 
Bcntially agricultural and tenant farming 
IS often practiced Modem improvements 
are not available screens are not normally 
used, housing is poor, 'wages are low and 
the tenant farmers live largely from hand 
to mouth In the southeastern states where 
anophelmes are abundant malaria still re- 
mains a serious economic burden to this 
class 

As serious as may appear to be the eco- 
nomic plight of sections of the United States 
where malaria is seriously prevalent, it is 
my belief that they could show a profit by 
controlling malaria even if they ^ose the 
most expensive method Fisher (1920) 
has imestigated the question of how much 
a community can afford to pay for malaria 
control ’Working from the angle of the 
probable return on the investment he de 
duces a formula to indicate what return 
might be expected from an investment in 
control measures 

Anopheles control measures are some- 
tunes classed as permanent or temporary 
mechanical or chemical natural or artifi 
cial, naturalistic etc In this paper they 
will be considered under the general items 
of Water Level Fluctuation , Clearmg 
Drainage Filling Use of ilinnows Lam 
cides Screening Naturalistic and Mis 
cellaneous 

Water Level Fldctuatiov 

The shallow vegetation covered areas of 
impounded waters present ideal conditions 
for the propagation of A guadnmaculatus 
because under such conditions an abun 
dant food supplj exists and protection is 
afforded from natural enemies Water 
level fluctuation should he used as a mos 
quito control method wherever the level 
can be suitablj regulated for it has been 
demonstrated that -without its aid other 
methods are unable to suppress breeding 

Fundamentally a suitable fluctuation 
schedule commences with a high water level 
at the beginnmg of the anopheles breeding 


season, followed by a rapid lowenng of the 
level a foot more or less each 10 days nntil 
the end of the breeding season Such a 
schedule strands floatage and assures a rea 
sonably vegetation free edge By thus cre- 
ating clean banks and open water condi 
tions anopheline production is mmimired 
This ideal schedule cannot always be put 
into effect 

tVater level fluctuation is rendered 
vastly more effective as a mosquito control 
measure by a preliminary cleano), of vege- 
tation and floatable material in the pro- 
posed basin prior to impounding, and, m 
deed, most states in the malarious belt re- 
quire such clearing before a permit to im 
pound will be granted After impound 
age it often becomes necessary to employ 
secondary measures of control suth as lar 
vieide application on parts of the shore 
line not adequatelj controlled by fluctua 
tion alone 

Anopheles production may also be cur 
tailed in smaller ponds and lakes by a 
downward fluctuation of water level dar 
mg the mosquito breeding season with or 
without vegetation clearing although pro- 
vision for fluctuation was not originally 
made Natural fluctuation caused bj dry 
mg or evaporation during the anopheles 
pi^ucing season is often responsible for a 
great reduction m anopheles propagation 
in many smaller water deposits 

Clearino 

In the larval form mosquitoes find pro- 
tection from natural enemies under dense 
aquatic vegetation and among floatage 
Both favor anopheles production by slow 
mg down the current creating still ripple- 
less water affording direct larval protec 
tion providing food and hindering the 
proper distribution of lamcides Low 
ve^tation having horizontal leaflets as cer 
tarn grasses and weeds are ideal for larvae 
protection as contrasted with the upright 
tall straight emergent types as rushes and 
hushes 

Clearing or the removal of this protee 
live vegetation and floatage is an impor 
tant part of anj program direi-ted against 
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aaopheles larvae It is practiced on un 
pounded waters by pre impoundage clear 
mg of the basm water level fluctuation 
direct removal and poisoning In smaller 
lakes mechanical removal is often advan 
tageous Vegetation growth (other than 
grass) along drainage ditches is often pro 
ductive of conditions favoring anopheles 
breedmg and it should be systematically 
removed and the channel regraded often 
as frequently as twice durmg the anoph 
eles produemg season 

DRATtiOZ 

Anophelea control dramage has daring 
the past 25 years been highly developed in 
its special field and today it remains of 
prune importance as an anopheles control 
measure 

The purpose of anti malarial dramage is 
to remove the proven breedmg pisees of 
malana vectors and is therefore directed at 
residual water rather than general runoff 
Consequently the ditches are usually small 
or medium sued and should be cut to an 
even regular grade Although open earth 
ditches are not durable they have a wide 
field of usefulness where swamps sheet 
water or other large areas are to be elimi 
nated (particularly in rural areas) tin 
der such conditions after the first rush of 
water is over the flow is intermittent 

Probably the greatest recent advance in 
anti anopheles dramage in the United 
States has been the development of durable 
ditch linings and stabilized hanks "While 
the first cost of a lined ditch is of course 
greater the total cost over a period of years 
IS usually much less than that of earth 
ditches A durable insert of concrete 
brick and mortar or stone and mortar is 
installed in the ditch bottom and the sides 
stabilized by sodding This practically 
permanent type of construction is being 
used wherever the density of population 
can meet the first cost. It is particularly 
appbcable to drainage svstems in urban 
and semi rural areas In the rural areas 
of at least one state it has been found eco- 
nomically feasible to construct sod lined 


ditches and to install durable Immgs of 
concrete only at such places in. the ditch as 
may be subject to scour This construction 
adds greatly to the life of a ditch at a mini 
mam of extra cost 

The development of dnrable Immgs with 
stabilized banka has necessitated some 
changes in the established practices which 
are applied to earth ditches such as per 
nutting smaller cross sections necessitating 
flatter bank slope and providing lined 
inlets Many miles of ditches with durable 
IiDinga have been installed m malarious 
sections and fheir nse is rapidly mcreasmg 
as more economical methods of installation 
are being perfected 

Tile and similar underground drams 
constructed with poles large rocks or e\en 
old tin cans are an important method for 
the ebmination of anopheles producing 
areas They are of use in intercepting 
seepage outcrops drying marshes or other 
wet areas or lowering the ground water 
level They are relatively simple and m 
expensive to construct they keep the water 
under ground they operate satufactorily 
over long periods and of course do not dis* 
figure the surface or take up valuable space 
Tbeir proper installation requires consider 
able engineering skill and a study of the 
underground flow of water Randle (1940) 
has described the construction of this type 
of anopheles control dramage as developed 
IQ Mississippi 

In a flat country with pervious soil a line 
of open jomt tile laid directly beneath the 
ditch bottom bas often been found very 
effective m drying ditches havmg almost 
no fall which would normally produce 
anopheles When a tile line is utilized in 
(Ins manner weeds and grass in the ditch 
are not cut and no maintenance work on 
the ditch itself is needed 

Under some conditions particularly in 
limestone districts \ertical drainage may 
be utilized to remove surface water and 
isolated ponds The method depends on 
locating a limestone Assure to which the 
water can be led and consequently is not 
always successful 
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Going band in hand with drainage as an 
anopheles control method is that of fillmg 
thereby eliminating once for all some breed 
mg areas It has the advantage of not dis- 
tnrbmg the ground water table This is a 
method always to be considered but oft 
times overlooked 

Use of JDnnows 

In the early days of mosqnito control it 
was noted that top minnows {Oamhusta 
or holbroolci) abundant m rivers 
streams and ponds consumed large num 
bers of mosquito larvae Stocking of im 
pounded lakes ponds and almost all ^es 
of water deposits with these fish was her 
aided as an effective naturalistic method 
available for the elimination of mosquito 
larvae To be effective against larvae the 
water must be sufficiently free of vegeta 
tion to permit the fish considerable freedom 
of movement because mosquito larvae are 
admirably adapted for camoufiage against 
twigs plant stems etc When water has 
been rendered clear and unobstructed by 
removal of segetation and floatage so that 
minnows can be effective this very condi 
tion in itself has minimized or prevented 
mosquito breeding 

Minnows therefore should not be relied 
upon as a prime measure against anopb 
elme production m this region Rather 
their use constitutes an auxiliary or sec 
ondary method which is of some value 
Minnows when propagated in ponds lakes 
and large reservoirs located at a distance 
from habitations often reduce breeding of 
mosquitoes m these deposits sufficiently to 
tnuumize their importance as producing 
areas 

liABVICmES 

The value of oil (kerosene) against m(» 
quito larvae was demonstrated by L O 
Howard in 1892 This was probably the 
first use of a larvicide against mosquitoes 
and the application of various larvicides to 
the surface of water still remains one of 
the most effective methods of-eontroj^g 
malaria 


In order to insure economy and effective- 
ness larvicides should be applied under 
careful entomological supemision Their 
application should be limited to places 
where actual breeding is known to occur 
A check for the presence of adult anopheles 
often gises valuable clues to hidden breed 
ing places which can usually be controlled 
with larvicides pending the application of 
more permanent methods 

SCREEMINO 

The screening of rural houses while not 
a measure directed against the production 
of anopheles is a measure directed at the 
control of the adult insects in so far as 
their association with man is concerned 
Its field of usefulness is m highly endemic 
rural areas where conditions are such that 
other methods of malaria control are not 
practicable The deplorable condition of 
the majority of rural farm houses makes it 
necessary to mosqnito-proof the walls roof 
and floors, in addition to providing screens 
if anophelmes are to be kept out As dif 
ficnlt as an effective screening program 
may at first sight appear to be it has been 
found economically feasible in many rural 
areas The biting period of anophelme 
mosquitoes commences at twilight hence 
the protection offered by a screened house 
IS doubtless greater than that of bed nets 
not ordinarily utilized until some time 
after dark 

Around some impounded water projects 
where mosquito control failed it was neces- 
sary to screen and mosquito-proof the 
houses witbm one mile of the shore Ime 
Following the Mississippi River flood in 
1927 much rural screening was done in the 
adjacent territory and statistics are avail 
able tending to demonstrate its anti ma 
larial value However the data are not 
conclusive and it must be remembered the 
responsibility for maintenance rests upon 
the occupant The Tennessee Valley An 
thonty has found the screening and mos 
quite proofing of rural houses m one special 
area an effective malarial control measure 
where tiie prevention of anophelme breed 
mg was impossible 
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Naturaustic METnoDs Other Than Top 
Minnows 

These methods consist of so altering the 
ea\ironmentaI or the chemical or phvsieal 
characteristics of breeding areas that they 
are no longer attractive to anophelines 
Methods -which possibly may he effective 
agamst the Nearctie fauna may he repre 
sented bj the following increasing salinity 
of the water polluting the water by sew 
age laundry or other wastes filling by 
deposition of silt introducing predacious 
insects shading or other method of con 
trolling food supply but their possibilities 
with our fauna have not been explored 

Under certain conditions the above meth 
ods might be utilized to change the mos 
quite fauna but the possible substitution 
of very bothersome noxious species for 
Anopheles larvae should be considered 
These methods can now be made effective 
only under certain conditions but when 
factors limiting Anopheles production are 
more thoroughly understood naturalistic 
methods of control may become of decided 
importance Certainly the possibilities of 
naturalistic control possess potentialities 
which merit study 

MiscEu:>ANEors 

"While the foregoing methods are m gen 
eral use for anopheline control certain 
other methods or combination of methods 
may be useful under special circumstances 

Instead of draining a swamp or seepage 
area it is sometimes desirable to debber 
ately increase the retention of water as a 
mosquito control measure in order to 
facilitate the application of Anopheles 
control measures at the prepared edges 

The value of shading by tall bushes or 
trees as an anopheline control measure has 
been the subject of much discussion Shad 
mg is a recognizpd measure for the control 
of some Inophelcj of the old world and has 
been suggested for the control of A quad- 
ninacHlafuj Long standing densely shaded 
swamps never lumbered do not snpport 
A quadrtmaculatus Reshadmg of the 
lumbered swamps with quick growing low 


bushes has not been effective Other types 
of shade should be tried 

A maC7ihpennis the malaria vector of 
the west and southwest, is often produced 
in seepage water resulting from poorlj ap 
plied or excessive irrigation water It is 
much more practical to correct the coadi 
tions either at the source or by drainage 
than to tender them inoperative by creat 
ing shade Where large seepage areas from 
irrigation cannot be prevented the produc 
tion of A maeuUpennis can be controlled 
by the liberal use of lameides aided pos- 
sibly by minnows 

Nearctic anopheline fauna are attracted 
to animals as well as to man and this fact 
has led to the trial of animal barriers 
(stabling of animal.) between known 
anopheles producing areas and a popula 
tion It was desired to protect This might 
be termed a biological method of control 
and there is evidence to show that under 
ideal conditions some protection is afforded 
However opportunities for using this 
method effectively are so few m the area of 
the Nearctie fauna that it is at present of 
little practical importance 

An effective method of preventing the 
spread of malaria by controlling adult 
anophelines consists in sj’Stematically kill 
log them ID the home each morning 
Spraying with pyrethrum extract serves a 
similar purpose and has been used in eon 
nection with the control of Anopheles gam 
btae m Brazil These methods are designed 
to prevent the flight of infected Anopheles 
and were used very successfully bj J A 
Le Prince (1936) at Panama when other 
means of malaria control (particularlv 
screening) were not available Its chief 
use would naturally be m temporary labor 
or military camps m malarious areas where 
anopheles were abundant and other means 
of malaria prevention impracticable A1 
though the method has apparently not been 
tried in North America, there are circum 
stances when it would seem to offer possi 
bilities 

In discussing the applicability of the 
vanthis measures of mosquito control for 
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malaria reduction, naturally only the basic 
principles have been mentioned It should 
be borne m mind that every Anopheles con 
trol problem is a new one and m each ease 
a study of all factors affecting production 
should be made Analysis of the data will 
indicate to a competent malanologist which 
measures are most appropriate Usually a 
combination of methods is required 

Occasionally it develops that malaria con 
trol by anophelme reduction is not prac 
ticable Itural areas are often m this class 
It IS regrettable that efficient, practical 
cheap malaria control has not yet been de 
veloped for such use, for here the need is 
greatest 

In connection with Anopheles control 
activities it must be borne m mmd that 
complete ebmination of the vectors is no 
necessary, for below a certain mmtmnm 
density malana will disappear of its own 
accord The mmimum number of vectors 
necessary to perpetuate malana depends 
on many factors and no formula is available 
from which this number mav be deter 
turned Suffice it to say that m the case of 
A guadnmacvlalus, reaction to the point 
where only occasional adults are found id 
the suitable diurnal shelters is effective 

Desikable Pcture Stcdies Ajtectino 
Akopbeles Contuol 

Basic measures for the control of Anopb 
eles production were developed by Howard 
and by Boss and were first applied on a 
large scale during the construction days of 
the Panama Canal Most of the ensuing 
atudy has resulted mainly in a refinement 


of measures there used The lining of 
ditches while new in the United States 
was done at Panama more than 20 years 
ago and by the British m the Federated 
Malay States over 30 years ago 

Dust lamcides and the pjTethrnin lar 
Tieides represent recent developments bnt 
do not open any new or basic approach to 
the problem Likewise screening recently 
developed to a high degree for rural com 
mnnities in the United States was recog 
nized as a valuable malana control method 
in the construction days of the Panama 
Canal 

The gross biology of anophehnes is 
known but the minimal factors necessary 
for rapid production require detailed 
study It IS probable that a careful study 
of such factors as chemical content of the 
water, plankton, daily and seasonal changes 
m pH of the water and associated phe- 
nomena either singly or collectively may 
offer an answer to the question TOiy do 
Anopheles breed in some waters while 
others, apparently similar never produce 
them! 

Further investigation may disclose the 
operation of some factors during larval 
development profoundly affectmg the ca- 
pacity of the adult insect to develop or 
transmit plasmodias 

It 13 also desirable that there be studies 
directed at the possible control of anoph 
elines without seriously interfermg with 
other forms of water utilizing life, upset 
ting as little as possible the delicate bio- 
logical balance set up by nature m all 
water deposits 



THE ADAPTABILITY OF CONTROL MEASURES TO 
THE MALARIA VECTORS OF THE CARIB- 
BEAN REGION 

By HENRY W KUMM 


JIo&QUiTO control in the Caribbean region 
Mas initiated in the earlv jears of this cen 
t«rj bv General Gor^as in Cuba and Pan 
ama At first snnilar work in neighboring 
countries sieldeil disappointing results so 
that for some time it was eoncludwl that 
onlj localities liasmB finaucul resources 
comparable to those of the Panaroa Canal 
region eouKl hope for success In this paper 
I Mill show that while adequate control of 
malaria has been maintained b\ the Health 
Department of the Canal Zone other conn 
tries and oTganirations m tli«* CaTibbean 
region are now inal ni^ significant progre s 

At the pr sent time there is no known 
means of eradicating malaria from lar^e 
rural areas of the American tropics It is 
possible howeter to control malaria m 
cinumsoribed tones winch are of sufficient 
importance to justifi the neeessan es 
peiise 

Most authorities a^rce that at the present 
state of our knowledge permanent measures 
are the most economu al The use of oil or 
Pans green to destroj aiiopheline lariae 
IS at best onlj tempororj These measures 
undoubt edh haie their place and in certain 
circiiinstaiices are the onli ones available 
but whenever possible measures should be 
taken to biiiUi out malaria Soth a pro- 
gram lias its admitted limitations but it is 
betler than nothing 

At least 8 countries in the Caribbean 
region have mal ina control programs and 
oine of fhi. larger commercial enterprises 
sikIi as the United Frnit Companv and the 
Tropical Oil Companv of Colombia arc 
obtaining higblj significant results under 
their oOTi control programs In J90G over 
80 p r cent and m 1133 onlj 1 per cent of 
the emp o\ ecs of the Canal Zone eonlracted 


malaria \ et m the last 24 j ears the nior 
bidit} rate for the Zone has never fallen 
below the 1 ner cent which seems to be the 
irreducible imniinum 
The work of manv investigators liss 
shown that A albimanus is the principal 
vector m 17 out of the 20 countries of the 
Caribbean region but much remsnis to be 
done before our knowledge will be com 
plete An aeiurate recognition of the prin 
cipal malarial vectors m each cniintn is 
iDiporlant because control meisures di 
reeled agoinst one species mav be useless 
agiinst another A albimanus for in 
stance breeds in ground pools in the sun 
but A darlingi prefers the slmdv margins 
ofsiowh running streams In Cuba breetl 
mg of A albimanus has been discouraged 
bv the planting of shade trees an excellent 
deterrent but one that would not be eftec 
tive against^ darlingt 
Dr Gablldon reports that in Vcnezneli 
i af^imanns is the principal sector espe 
eiallj along the sea coast and around I ake 
^olencIa However he has initiated control 
measures against A darlingt at three plates 
Cabudare Vcarigua and Alatiirm in tlit 
provinces of I ara I ortuguesa and Moiu 
gas He feels that it is too earh as v et to 
evaluate the effectiveness of these projects 
In the Inland of Trinidad de \erlenil and 
Spenee (1937) attempteil to lontrd malaria 
transmitted bv 1 tarsnnaculatus breeding 
in salt water 

\ malaria control program has been m 
operation in the Panama Canal Zone for 
the past 3j vears and the number of em 
plovees has at times eiceede<l 50 000 The 
malaria rates are given m Table I for per 
sons living 111 the I auama Canal Zone and 
for the tpopi al eniplovees of the Uiuteil 
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Fruit Compun and of tlie Tropical Oil 
CompaiiA The Pcdiietiou lu jmidcnce is 
most CMdcnt ninonjj those livms »» the 
Canal Zone but it !■» also apparent after 
1927 in the jiersoimel of tin. United Truit 
Compain and after 1930 anioii’ those of 
the Tropieil Od Compiiu 
In a recent letter Dr D P Ciirrs yaIio 
has for niaiiA a cars diricted the mosquito 
control AAork in the Panama Cain) Zone 
SHAS I AAOuld stres.s tint in spite of ill 
our sanitation aac still insist on screened 
liA in^ quarters and st recued offices for those 
AAorking at nipht Facii tempnriTA build 
nvs of roiistructioii ciiups ure screened 
throughout Tins uacIucIcs roonxs for sleep 
mg recreation dining, bath toilet and niiA 
other space l\e require all coiitmtois 
to do the same Alore and more confinned 
IS our belief here in the extremeh lou^ 
range of flight of 1 alhimanu<i from aast 
far auaA uncontrolled and ecoiiomicallA 
uncontrollable areas ” 

i)r Currj Yvrote last October that the 
1940 malaria morbiditj rate to that date 
was 10 3 based on an aAera„e of 24 028 cm 


ploACcs New eonstrvietiou was being 
pushed both night and dac on a 24 hour 
basis so that there was more exposure at 
outsidi screened quarters than in nor 
mal times 

The rale for eiiiplo\ees of the United 
Fruit ConipatiA in 1937 tA is 5o but rose 
to 9o in 1930-39 because of iioaa banana 
developments on the Pacific Coast of the 
llopiiblies of Guatemala and Costa Rica 

Puriiig the construction daA s of the Pan 
ama Caunl anopheltue bTcediUr. "as hrgelv 
controlled bA the extcnsiA e use of Ian icides 
but with the advent of more stible condi 
tions permanent drainage \Aas introduced 
The preCist sectional inverts "liicli AAcre 
first developed b} Curr} for paving dram 
a„c ditches in the Canal Zone (Panama 
Cana! Health Department 1933) arc iioaa 
being Used m jinin of llie neiebboring 
countries 

Simmons cf al (1039) «« excellent 

description of the nietliAxls u\ use foi tlie 
control of inalnin tii the Canal Zone Thei 
discussed cement pipe for subsoil drainage 
and the lipes of mohN used in Panama to 
make iiivtrfs tiles and wall slabs Several 
photographs are presented in tins paper to 
illustrite these phases of the work 

At the present tune the Health Depart 
ment of the Pmann Cnml is making loO 
three foot inverts everv other dav or ovei 
a mile of mieits pei month I.\eii at that 
late CurrA vArites that he can h udh meet 
the demand for them bA the He ilth Depart 
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^ over a hrge drajuag** at 

Ll C?OTtet» lUpub! c of PanoD Thu di el n-u 
f»v d w Ih jBve Is and the sides t cei wi h stone* 

TO»nt the Armj the Na^ i engineers «n<l 
contractors In the Canal Zone inverts 
CQ^l about 4j cents apiece inc'itding the 
ctpeii^e of plant amoTtization and super 
tision 

The medical department of the United 
'Puit Compain lu\8 considerable emphasis 
™ ffpeated applications of larvwides to 
»8ophelme bteedin* places Screened 
and conerete putters 
•nd drams alwas a m es idcoce on the Pniit 
w)mp8n> propertj do mu h toward rediw 
“8 mosijuito breeding 
*♦ antnao quito campaign 

n*i o *** larger camps of the Tropical 
l>‘lCmipans of Colombia in 1320 reached 
I » maximum m 13.>7 and WJ-J ami sime 
a time the mosiiuito control program has 




Pio 4 td(c ) Red vritii irtcrts tdetlsbssni 
Cn St h t-rr t Co to 11 ea 


been netisels maminiiied The nork con 
M te<J primarily of clr»ms''e oibn and 
sprat ina ttnh I ans grem tthere drama e 
nas not practiral 

In the Republic of Nuaragna a ciinpern 
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Fruit CompniiA nnd of tlie Tropical Oil 
Compaiu The rediictiou m mcvclcnc® »s 
ma>t CAulem amoii); tlicpAe In in? m the 
Ciuil Zone but it i> also apparent after 
1927 in the jiersonnel of the riiiied Fnnl 
Compaii' mil after 1930 amon? those of 
the Tropical Oil Compain 

III a recent letter Dr D P C«rrr a»Ijo 
lias for mam a ears ilirectcil the niosqtiito 
control AAork m the Painmi Canal 7oiie 
sass I AAoiilil stress that in spite of all 
our sanitation AAe still insist on screeneil 
in n\p quarters ansi sa recned offices /or those 
AfOikin? at nie.ht Exeii temporars build 
lOgs of constriiition camps are strecind 
throughout This inrhules rooms for sleep 
111 ? recreation dimiv bath toilet and nns 
other space require all eoiitraitois 

to do the same Jlore and more eonfirmeil 
IS our belief here in the estrenieh Ion? 
range of flight of 1 aibniianus from aast 
far aAAa> uncontrolled and econonncalls 
uncontrollable areas 

lir Curry UTote last October that the 
1940 malaria morbulita rate to that date 
was 18 3 based on an aserage of 24 028 em 


plotees J»e\' construction nas being 
pushed both ni^ht and das on a 24 hour 
basis M> tint there uas more exposure at 
nir.lit outside screened quarters than m nor 
mal times 

The rate for emploiees of the United 
Frmt Conipam in 1937 nas 5 j but rose 
to 95 111 I93S-39 because of neu banana 
deselopments on the Pacific Coast of the 
Kepublics of Guatemala and Costa Hica 

During the construction ihss of the Pan 
am i Canal niiophelme breeding nas largeli 
lOtitrolled bs the extensise use of lanieides, 
blit tilth the ndifiit of more stiWe coiidi 
tioiis peniniieiit draime,e nas introduced 
The precast sectional iincrts mIulIi ncre 
first des eloped bt Cum for paAing dram 
a^e ditches in the Canal Zone (Panama 
Canal Health Department 1933) are now 
bciii„ uv.d in main of the neulibonns 
ewmitries 

Simmoas ft n1 (1939) ^asc an ercellent 
description of the methods in use for the 
control of malaria in tlie Cainl Zone Thei 
discussed cement pipe for subsoil drainage 
and the tapes of molds used iii Panama to 
make inserts tiles and wall slabs Several 
photographs are presented Jii this piper to 
illusfrait these phases of the work 

At the present time the Health Depart 
inent of the Pmama Canal is iml in? loO 
three foot iinerts eaen other di\ or o\ei 
a niiJe of i/iierts x»ci month Eien at that 
latc Cum writes that he can hirdli meet 
the demand for them bi the Heilth Depait 



Canal 



COVTROL MEASUnES 


CUtRIBEAN 



Wm 






FiQ 9 Compaaia A^coia de Ulua La L ma Be 
pubi c of IIo d r a A vrcll screened hon e built 
tiT tl e Un ted Fru t Company for bachelor quarters 

Liberia tbe capital of the province of 
Guanaeaste is one of the latter At Liberia 
the spleen index among school children has 
been reduced to one fifth of its mitnl figure 
and the blood parasite index to about oue 
fifteenth 

The exact amount spent for malaria con 
trol is not alnajs accurate!} reconled but 
some data on the expenditures made for this 
purport, during the past o \ ears b\ the gos 
ernments of Panama Puerto Rico El Sal 


Pio 9 Compania Agr cola do Ulaa Zapote Camp 
Republe of Ilonluras Concrete g tters for slops 
at the rear of the kitchens of the laborers bou es 
\7aste uater f om pumps goes into these same 
gutters. 

\ador Costa Rica and Cuba are presented 
IQ Table II 

Prom 193o to 1939 tbe asiragc annua! 
expenditure for malaria control lo the 
Republic of Panama has been about 5 per 
cent of Its budget Some drainage uork has 
been done m at least IS localities and in 
seviral of these towms the necessars ditthes 
hate been practically completed Dr Cnw 
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T\BLE II 

IxrtsWTtRrs ros Control 


Tear 

1 Costa Rica j 

Cuts 

1 Fl^atvalort 

I anamat 

1 1 uerto Bicol 


1 



» 23 000 



i 1 

<34 Ajfi 

' I,.* 7 1 

23 000 



1 

soon 

09.. 1 




* '0 1 , 

2211%* J 

, 390 1 

99 4S0 



j 13 *12 j 

2 490 1 

looo j 

i -4 640 1 

1 93 8S7 


From data rroTid^ I j I)f 11 I Caw 
1 From data frOTidtHl bv Dr ^ V Sutler 
t From data provided \ j Hr 0»ear \ arga* 

4 From data provided by Dr CarndoMorat-a and Fiieinect I* p lalanos 


t»e mAlma conlrol demonstration b\ 
(Irainope was carried on from 1921 to 192 j 
in tlie adjouun^ towns of La Puebla ami 
Riaas The blootl parasite index was re 
ducet-l m 3 sears from CA per cent to less 
than 1 per cent, but when supers ision of the 
dramn,.e channels s\as relaxctl the index 
rose n^ain Ditches were not at first pased 
with inserts or stde slabs and nptdli be 
came chohed with Para prass The per 
capita cost of the entire project wna about 
$1 2i) thoUpli the annual cost of mam 
tename s\as sers much less 
In the island of 1 uerto Pico the tosvn of 
Salmas was studie*! for 8 s e irs from 1928 
(0 1935 I arle (1937) reported (hat it ssas 
necessarj to brin? all brectUn^ areas under 
control before the mosquito densiU was 
defimtclj reduced Tiie malaria pres a 
leiice svas not affected until this mosquito 
dcnsits had been brought ilowav and mam 



iio 6 ifaracay Senworii Tbi* large rollect 
me a tch was lined witti thr <■ roiw ot Vard rnonds 
of pipe ’6 inches m dumeter t«<3 rows ot »alh 
rounds of pipe 2(3 inches in diameter two row# of 
flat slal s 16 inches 1 y -t mehe* 


tamed ot on extremely low figure Exten 
Mse Rcepsjres m cane fields near Sahnas 
srero draitieil bs subsoil tilinjr harge 
brcetlui|i areas m pools m the bed of the 
I*apa nter were not elunmsted until a con 
crelt pipe had been laid well beneath the 
aurfoie of the riser bed itself Dunn? the 
four sears from 1935 to 1938 ittcliisise 39 
per cent of the total expenditures of the 
llcalih Department of Puerto Rico svere for 
milam control Dunn? this same period 
about 35 miles of open ditrhes lined ssith 
precast concrete inserts, were coustrueted 
and almost 5 miles of subsoil pipe were laid 
In addition about 300 acres of swamp land 
were filled and a number of drarnsRe pumps 
were installed 

DrainBr.** projects for malaria control 
were drawn up for 5 loialitics m the Re 
public of Costa Rict Central America 
Tliree of these ho^ e bei n completed and m 
2 others the work is still m progress 



Fio 7 The junetiou of f«o » de drtun* i itb b 
RUUD dram m Mavncav in the Bepul i 6 of I ene 
Mela 19 Shown in this out K cenitat thasvnel I as 
been cut in the mam d»ain to increase the velocity 
of the residual flow 


THE ANTI-MALARIA PROGRAM IN 
NORTH AMERICA 


By LOUIS L WILLIAMS Jr 

I-JITID STATES PIBUC HE«TH bEMICE WiSBINOTO'* » C 


^ItLARiA IS tlie di else of preatest eco 
nomic importance lu the southern portion 
of flu Liiitcd States and in the lowlainls 
and rncr \alle%s of Mcsko Central Amer 
lei and the "West Indies The temperate 
dim ite of the northern United Stites i\itli 
Its short transmission seison makes this 
our oiih republic in t\hu.h the naturil 
pioccsses of settlement could and did duto 
initKslh remote malaria from a large por 
tion ot the richest section of the coimtn 
Dminasre c uiscd the major pin of this 
recession residual milirit left the arei 
bioansc of the screening of homes (Maps 1 
and 2} 

MALARIOUS ARiA OF THE UNtTEO STATES 
16S2 


AllhoUch the ^rosith of milain control 
m the southern states in reised iipidh 
bebteeii its inception m 1912 and the pres 
eut time the niilinous ternfoit did not 
decrease crnimensnrateU The infected 
ternton contnefed espanded and con 
tracted each time drfinni„ a snnller ini 
until 1J32 «iicn it reichecl what is prob 
abh its minimal endemic section binic 
then ilthfugh less m intensit' and more 
eattered in its endemic trei it is still 
lonnd in tiie line prrtioiis of the amc 
stites IS III 191. (Maps 1912 1932 and 
1934-3 1) 

In Iropuni \inerK i toiliv witli its long 
MALARIOUS AREA^OF^THE UNITED STATES 
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fonl report^il tint paraMte and «:pleen 
jiidiees Mere definitel\ lowered m the towns 
of Vnti'ii La Cliorren Saiitia^ Chitn, 
and e<.pecia!K in ^ona 

The Republu of El Sal\ador lias under 
taken work of this t\pe alv) and durin^ 
the four ^ear^ from inSo to 193b ineliisne 
about 1 per tent of the total budget of the 
Health Department was spent for antinia 
laria drainage This problem was attntked 
111 three localities and more than 4000 m 
serts and 3o 000 len/fhs of eoncrtte pipe 
for subsoil draniajre were manufactured 

Lntil ^Ia^ 1940 the Marnuao area near 
Haxana tvas tlie onh control zone under the 
direction of the Malaria CommisMun of 
Cuba \t that time similar work was be^iin 
m Ba\ amo and 'bantiagro in the Pros inee of 
Orienie The number of linear meters of 
ditches constructed each leir in Marnnao 
has taned from 1000 to 7000 uitli an a'er 
ajre annual fi?ure of olOO Dr Carr saxs 
that while lanicides Mere eniploxed as tern 
ponrx expedients relianee teas placed on 
permanent measures such as drainage and 
dllmg 

Gabaldon (193S 1939s b) mentions $ 
places in \ euezuela srhere projects for ma 


Jana toijtrol bi dniin^e are either well ad 
sallied or jihiiued for the immediate 
future Tjp to the end of last sear eath of 
the drainage progr iins ni the titles of Jlara 
cat and Puerto Cabello had cost more than 
$100000 The per capita tost of iiiahna 
control in Maraeax up to the end of 1939 
amoimtetl to <3 3G and in Puerto Cabello 
to <j 13 Dr Gabsidou sax & that III Puerto 
Cabello the onlx mahrn sector is 1 alhi 
maniis The axerie.e annual number of 
deaths from inalnna in this citx in the in 
ferxfll 193C-36 xcas CG5 for tlie nitenal 
1937-39 after the begmiuiig of dram ij.e for 
malaria control the axerage xxas 15 

Slmmapt 

1 Malaria ean be controlled m the Carib 
bean region but not eradinteil m tireiim 
scribed areas b» measures dirette*! agsui't 
the anopbeline x ectors 

2 Mliereter possible drainage «s reioiii 
mendeil though there are plates xxhere 
screening and tlie tenipnrarx use of Mm 
Cldcs are necfsMirx in addition 

3 Methods found successful in the Pan 
ama Canal Zone haxe proveil eTettixe in 
neigliboMiie countries. 
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UNITED SiTATE!. PCDIU, HE\L.T 

■Malaria is tlie diseise of greatest mo 
iiomic importance in the southern )>ortio]i 
of the Lnited States, ami m the lowlands 
and riier lalleAs of MesKo Central Amer 
ica and tlie Mest Indus The temperate 
climate of the northern United States svitli 
Its short transiiiisMon season makes this 
our onli republic m which the natural 
proees es of settlement could and did auto 
watii. dh lemos e malaria from a 1 »Te.e por 
tion of the richest section of the lountn 
Droina;.e caused tJie major pnrt of tins 
recession residual iiiahru leit the area 
because of the screciuiig of homes (Maps 1 
ami 2) 

MAUR.10US AREA OF THE UNITED STATES 


SERniE WssmsOTOV D c 

Although the growth of mslana control 
in the southern states increased npidh 
between its inception m 1912 and the pres- 
ent time llie milirious territors dil not 
decrease commensurateh The infected 
temtorv contracted expanded and con 
traeted each time definuv a smaller area 
until 1932 when it reache 1 s^h^t is prob 
abh iIn minimal endemic scition biuce 
then slthough less in intensits and mere 
scaitereil in its end mic ares it is still 
found m the fcime portions of the sme 
states as lu 191J (3Iups 1912 1932 mil 
lh34-3j) 

In tropical Viiicrua todav with its long 
MAIAWOUS AREA OF THE UNITED STATES 
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foul reported tint parasite aiul spleen 
indices vere defimtel\ lo^\e^ed m the towns 
of Anton, La Cliorren Santnjio Chitn. 
and espeoialh in Sona 

The Republic of El Sahidor lias niider 
taken work of this t^pe also and dnrin^ 
the four ^ears from 193o to 1938 inthisi\e 
about 1 per cent of the total budget of the 
Health Depirtnient was spent for aiitinii 
larn drainage Tins problem w is aitncked 
in three localities 'ind more tlnn 4000 in 
certs and 25 000 leiigtlis of concrete pipe 
for subsoil draim^L were maniifictnied 

Until Mac 1940 the Alananao area near 
llacana was the onh control zone under the 
direction of the 'Malaria Coininission of 
Cuba Vt that time similar work was begun 
in Bacamo and Santiago in the Produce of 
Onente The number of linear meters of 
ditches constructed each lear m Mnriaiiao 
Ins caned from 1000 to 7000 ccith an accr 
age annual fieUre of oIOO Dr Carr aics 
that crhile larcicides were emploced as tein 
porarc expedients reliance was placed on 
permanent measures such as drainage and 
fillin, 

Gabaldon (1938 ld39a b) mentions 6 
places m \ eneznela where projects for lua 


1 iria control be drainage are either well ad 
canced or jilaiiiied for the immediate 
future Up to the end of last jear each of 
tliednina^e programs in the cities of Man 
c ic and Piiei to CabelJo liad cost more than 
$100000 The per capita cost of inaUna 
control in 'Miraeac up to the end of 1939 
amounted to $3 36 and in Puerto Cabello 
to $5 13 Dr Gabaldon sac s tint m I nerto 
Cabello the onic malaria cector is 1 albi 
maniig The ncenge ainiual number of 
deaths from malarn in this cite m the in 
(eml 1926-36 was 665 for the iiitercsl 
1937-39 after the beginning of dram ige for 
msliria control the acerage was 15 

SUMMARC 

1 Malaria can be controlled in the Canb 
bean region but not eradicated m circnm 
scribed areas be measures directed against 
the anophelino sectors 

2 Mherecer possible drainage is leioiii 
mended though there are places where 
screening and the temporarc use of larci 
Cldcs are iiecessarc in addition 

3 Afethods found siiceeisfiil in the Pan 
ama Cana) Zone hace proced effcctice in 
iieighbonne countries 
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1914 through 1940 The heavy line lUus 
trates the cjclie veavea of malaria As the 
rate declines the area of infection shrinks 
Durmg the sudden subsequent rise there is 
an increase iQ seventy of the disease the 
appearance of epidemics and a re invasion 
of the territory -which maj have been free 
of mfeetion for a number of years The 
distinct decline to its low pomta in 1932 
and 1940 is the result of drainage lamcide 
application screening better housing and 
control of impounded waters During each 
half decade of declining rates it is probable 
that mass immunity falls thus leaving a 
population read} for subsequent peaks 
The steady decline between 1914 and 1932 
probably allowed this immunity to reach 
its lowest ebb and may be the reason for 
the prompt rise during the summers of 
1934 and 1935 The intensity of malaria 
has steadily fallen since the peak of 1935 
and IS still falling The next peak is due 
during the summer o? 1941 or 1942 

Apparent!} the cycle m our tropics is of 
shorter duration It is approximately two 
years in the Chagres River Valley of 
Panama (Clark et at 1910) 'When the 
cycle IS worked out in all our other repub 
lies their health administrations could be 
prepared for epidemic peaks and could 
attack them as the British have done in the 
Punjab though the British predict their 
epidemics not on periodic occurrence but 
from the previous flood season (Qill 1938b) 
Poci of infection should be located and as 
many as possible ehiumated through anopb 
elme control during the periods of falling 
rates treatment facilities should be pro- 
vided for epidemic control when the cycle 
IS due for a peak 

In onr tropical countries morbidity and 
mortalit} records of malaria are mcom 
plete and inaccurate so an estimate of the 
number of infections is impossible In the 
United States mortality records are of some 
value In a few states morbidity records 
are accurate enough to indicate relative 
intensities From the deaths and known 
cases in the Umted States and from an 
index of 130 000 school children (VTilliams 
193g) it IS estimated that the number of 


infections annually varies from one to six 
million the average is believed to be four 
million cases (Williams 1938) 

Although it has been frequentlv stated 
that the infection i» widespread it is not 
possible to calculate the cost of malaria in 
Central America or the West Indies Such 
estimates of cost have been made for the 
United States first m 1917 the annual loss 
m southern industry and agneulture was 
considered b} H K Carter (1919) to be 
over $100000 000 annually and 20 veara 
later (1937) the yearly cost of sickness was 
estimated by Williams (193S) to be about 
$51000000 and the economic loss at $500 
000000 Bearing in mind the high cost of 
malaria the expenditure by governments 
of millions for control seems reasonable 

Nevertheless active suppressive measures 
did Dot commence m the United States 
until 1912 and did not become a recognued 
part of State health work until about the 
time of the first World Vr at Its growth, 
was slow as the cost of drainage seemed 
high to the people living in infected tern 
tory The extended use of oil and screen 
ing and the introduction of Pans green 
reduced the cost so that some control mea 
sures at last became possible for nearly all 
people 

The program for control in the United 
States received a great stimulation during 
the time of the first World War in con 
nection with extra-cantonment sanitation 
During this emergency period the Govern 
nent financed some rural work for camp 
protection which was so expensive that the 
localities unaided would not have at- 
tempted it. It drew attention to the neces 
sity for expanding the research program 
to find cheaper methods In addition to 
sumulating research the ar work brought 
about the development of some form of 
malarial control units m each of the south 
cm states and gave a great impetus to the 
formation of county health units through 
which control could be further extendi 
More recently the Relief Administration 
during the depression created malaria con 
trol projects to give employment to hun 
dreds of thousands of men Under this 
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tr msjni'^siou f'Oi'soi) malaria coders the np 
pioximite am it co\ere<l a cmtiin ago 
Tlicie IS no mord of its natural recession 
from infected tcrntorc On the conlrars 
the extension of industr\ nith its \crj low 
wa^e Stale Ins produced m some pines a 
population of In^li densit\ inadecputch 
fed and housed nin) poorh protected 
against disease \^rKulture in the tropics 
m developing irrigation Ins added ^reath 
to the inal irnl burden for control has been 
confined to the hrj.cr cities and to n few of 
the indnstri d setllements and to a \er\ fen 
of the Hr^er agrieultiird projects 

hroin Alexico to I’ninnn and m the 
islands the intensitv of nial iria vanes with 
the altitudes with the vector sjvecies and 
with the densitv of the population On the 
covstsl plains it tends to be of moderate 


eiuleinic iiiteijsitj with frefpient epicleniics 
thou^ii 111 portions of Jlexico and British 
Iloiiduris high endemic rates have been 
found In the highlands it is moderately 
endemic with scattered epidemics up to ele 
valions of five thousand feet and in tlie verj 
hi„h mountain vallevs it tends to be a lovr 
grade endemic with severe epuleinics clnrios 
the occasional verv hot summers It is 
hvperendemic in manv of the interior val 
Itvsatlovv elevations pirtieularh in south 
eru Mexico In the United States it is of 
moderate endemic intensitv in the sixteen 
soutlieasteru stifes with brief jieriods of 
high eiideiiiicitv aieompTined bv scattered 
epidemics at intervals of approximate!' 
seven vears as shown in Chart I This 
chan IS a schematic representation of the 
estimated number of c ises each v»ar from 
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schools and unnersities through boards of 
education and frequent lectures throng 
out the malarious portions of the state 
The malarial unit also teachers the district 
and county health organizations the best 
methods of malaria control 
In all of these state activities the 
U S Public Health Service has cooperated 
and has even secured inter departmental 
cooperation in federal activities It has 
arranged with the Dnision of Soil Ero 
Sion Control and with the Rehabilitation 
Administration to supply all of their 
field workers with necessary instructions 
wherebj malaria control may be secured 
at soil erosion control dams and recrea 
tional ponds The Service protects our 
seaports from introduction by airplane of 
new anopheline species by requiring that 
all planes from other countries accomplish 
disinsectization at the last port of cal! be 
fore entrj Through the Tennessee Valley 
Authority the government is developing 
one entire drainage basin with malaria 
control built into the original plans 
In Mexico the etate governments are be 
coming stronger and responding to efforts 
of the central administration are building 
up their own control work but as yet have 
no fully organized units Cuba and Puerto 
Rico in cooperation with the Rockefeller 
Foundation have a well rounded plan 
similar to that of the United States Pur 
mg the few years that Haiti was under the 
administration of the United States Navy 
studj and control of anophelines com 
menced at Port au Prince and other towns 
In the smaller republics and islands the 
whole program of control is under the 
central goiemments Research and con 
tro\ units have been established in coopera 
tion with the rockefeller Foundation but, 
as 3 et, are understaffed They have made 
notable studies of their anopheline fauna 
Thej attempt to control epidemic death 
rates by treatment and they practice anoph 
cline control m %ats\t population centers 
where malaria is especially severe No rural 
work is done except by the oil and fruit 
complies for as 3 et no republic wide or 
island wide plan has been adopted The 


U S Public Health Service plan which has 
become established in our southern states 
may be adapted easil}' to any other re 
pubbe Our state boards of health which 
have grown phenomenally in the last 23 
years through the establishment of hun 
dreds of county health departments and 
the strengthening of the special divisions 
of the central administrations have demon 
strated the efficacy o£ mobile well trained 
malaria units 

Every republic of North America is 
engaged in some research on malaria. 
Since Brazil is now suffering from an invo' 
Sion of A gambtae we should amplify our 
study of airplane disinsectization for 
North America can welt do without this 
highly aodrophyhe species We need iron 
clad legislaUoD for control of new and 
established impoundments in the eastern 
halt of the continent and for better plan 
niDg and supervision of irrigation projects 
in the western and tropical part 

Id the field of chemotherapy we need to 
develop a true causal prophylactic so that 
people may visit or even live in an area 
where anopheline control 13 as yet tmpos* 
siblc We need to discover a drug which 
not only cures the clinical attack but steril 
izes the patient and so prevents chronic 
malaria and suppresses gametoc 3 *te produc 
tioD thus reducing the sporozoite rate in 
the mosquito For this purpose our re 
searches should open up the almost un 
known field of the exo-erythrocytic phase 
of the plasmodium m the human host 

For testing such chemicals sporozoite 
malaria is necessary In experimental work 
there is a great paucity of sporozoite in 
duced malaria Blood inoculation malaria 
is the favorite as it is easy to maintain and 
tends to produce a standardized tvpe of 
infection whereas sporozoite induced ma 
laria, both m man and birds is variable in 
intensity and uncertain of duration The 
individualistic character of sporozoite in 
feebon should not be an irritation but a 
verv desirable characteristic as this ma 
lana most nearly simulates natural infec 
tion The average laboratory worker finds 
It more difilcult to use and the results less 
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program a dailj average of 211000 m en 
for 6 5 years have worked on anti malana 
drainage m an average of 250 counties 
Thej hav e dug 33 655 miles of ditch remov 
ing 544 414 acres of anophelme breedmg 
surface m the sixteen southeastern states 

Today our defense program is creating 
many new camps m areas where malaria 
control is necessary Tno large projects 
to protect 4 camps and their maneuver area 
(costmg nearly $1000 000) have already 
been started Several others of similar 
scope will be necessary as most of the 
larger trammg camps are located in the 
malarious southern states Smaller proj 
ects will have to be undertaken at many 
flying fields As the range of the soldier 
on pass has increased from the 5 miles of 
the World War to 50 miles malaria control 
will have to be affected m much greater 
areas 

In Ifeiicn Central America and the 
West Indies there has been no such stimn 
lation either for research or for extension 
of control measures Nevertheless is coop 
eration with the Rockefeller Fonndation 
and through fruit and oil companies far 
reaching malaria control projects have 
been completed and others are under way 
in 8 of Caribbean countries of Nor^ 
America 

The United States Public Health Service 
has worked out a Plan for Stste»Wide 
Jfalana Control (Williams 1937b) which 
has four objectives elimination of the 
major foci of infection in each county pre 
rentioQ of man made malaria maintenance 
of emsting and new control projects and 
an educational campaign 

The state boards of health press on con 
tmuously toward these four objectives 
through a malaria control and investiga 
tional unit within their own organization 
This unit in most of the southern states 
is composed of a medical malariologist for 
epidemiological work a sanitary engineer 
to plan for drainage larvicides and screen 
ing an entomologist to make anophelme 
surveys and one or mote technicians to 
examine thick blood films These last are 
attached to the state laboratory 


The chief of the malarial amt chooses 
those counties considered most malarious 
for the first work As early as possible m 
the autumn thick film blood smears are 
taken from the 6 to IS-year age group of 
all school children in the rural areas and 
small villages The slides go to the state 
laboratoiy for examination The epidemi 
ologist spots all positives bj homes thus 
revealing the foci of heaviest infection 
The entomologist makes a complete anoph 
elme Survey of each focus Based on this 
information the sanitary engineer draw? 
up a detailed plan of attack with an accu 
rate estimate of cost The chief of the unit 
determines whether fie attack is to be by 
drainage lamcide application screening 
or through treatment This survey and 
plan are then laid before the authonties to 
secure financing and operation of the con 
trol project 

To prevent man made malaria the ma 
larial unit of each state makes contact with 
the builder^ of dams and insists on malans 
control wherever waters are to be aa 
pounded It cooperates with the highway 
department and the railroads traversing 
the state to secure ehaunation of exutiag 
borrow pits and prevention of the forma 
tion of new ones It shows the companies 
engaged in larobering the swamps the 
malana hazard they are creating and m 
duces them to construct an outlet channel 
to all swamps where lumbering operations 
are in progress 

As we have found that earth ditches are 
too expensive to maintain units now urge 
that permanent lining be an integral part 
of anti malaria drainage We have learned 
from the work m Panama Salvador Nica 
ragua and from our own field experiments 
that concrete inverts and bank sodding 
make a more permanent ditch requirmg a 
minimum of maintenance Ditch lining is 
now included m most of the anti malana 
drainage projects m the United States and 
of the other republics 

The educational activities of the malarial 
unit include revision of the State Board of 
Health educational bulletins to keep them 
op to date distribution of these bulletins to 
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clean cut and so tends to discard it How 
ever sporozoite malaria should be used ja 
all final tests whether or not blood inocula 
tion malaria also is used 

In the field of immunology we are work 
ing to develop a serum and a vaccine 
In the field of bionomics and ecology 
new studies are uoderwa> seeking to solve 
the numerous problems of the botanical 
hydrological and phjsiological mterdepen 
dencies which determine mosquito produc 
tioD The solution of these problems may 


lead to the development of new lamcides 
cheaper methods of distributing them and 
control of waters with the least disturbance 
Study of the adult mosquito as to its feed 
mg fiigbt oviposition habits and most 
particularly as to its micro-habitat may 
lead to the discovery of other and simpler 
methods of preventing malaria traosTDis 
Sion Through these investigations m the 
bionomics and ecology of anopbelmes we 
may well achieve the ideal of the malanol 
ogist biological control 
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